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THREE TRAMWAY BRIDGES ON THE COAL-STORAGE . 


DOCK OF THE BERWIND-WHITE COAL MINING CO., 
SUPERIOR, WIS. 


By R. W. WETHERILL.* 


The Superior-Duluth harbor, Lake Superior, 
around which practically every known method of 
storing coal is used, stands first in the world as 
a coal port. For shipments from the East it is 
easily the most advantageous distributing point 
for the Northwest, giving the longest water haul 
and a proportionately short rail haul. During the 


celled natural harbor, points toward a rapid and 
substantial growth. Coal forms the principal 
receipts and grain and ore the shipments. In 
view of the difficulties experienced by the rail- 
roads in transporting coal through the winter, 
the time is probably not far distant when auxil- 
iary storage facilities at such places at Grand 
Forks or Fargo, North Dakota, will be desirable. 
Through these places, only 50 miles apart, but 
on different routes, probably 400,000 tons of coal 
now pass during an average winter, a haul of 
320 miles from Superior. Such coal could prob- 


operating in conjunction with dump ears. In 
many cases, even on recent installations, it is 
necessary to handle the coal two or more times, 
both in storing and in reloading. Where dump 
cars are used the coal is dropped to the dock, 
causing more or less breakage, and the resulting 
packing is probably responsible for some of the 
coal fires that break out every season. , It is 
conceded that every time bulk is broken there re- 
sults an average loss into screenings of 5%, ap 
plying to both hard and soft coal. 

There are very few plants that have at all 


FIG. 1. THREE COAL-HANDLING, TRAMWAY BRIDGES AT SUPERIOR, WISCONSIN. 
Designed, Built and Erected for the Berwind-White Coal Mining Co., by the Dodge Coal Storage Co., of Philadelphia. 


season of 1907 over 5,000,000 tons were unloaded 
from lake vessels on its docks. 

There are now being operated about the harbor 
20 coal docks with seven railroads diverging 
from them, and covering a rapidly-growing, coal- 
consuming territory. Of the 20 docks in use, 
five are practically new installations. The total 
nominal storage capacity of all is about 4,000,- 
000 tons with a handling rate of more than 50,000 
tons per day of ten hours. This, of course, per- 
mits them to handle more than their actual stor- 
age in a season, and such provision is desirable, 
as shipments are heavy during the fall months, 
navigation usually closing in December. The 
location of this port, combined with the unex- 

*Dodge Coal Storage Co., Philadelphia, Pa. 


ably be stored to the best advantage during the 
grain shipping season, when freight is wanted for 
the return trip. 

Cable ways, dump cars and small tramways 
are mostly used among the older docks. Such 
equipment is admittedly expensive to operate, 
and hence must soon give way to more modern 
machinery. Dump cars and the “Dodge Sys- 
tem’’* are used to store anthracite coal, while 
tramways of some description form a part of 
nearly every bituminous plant, a number of them 


[*Thte essential features of the coal-handling systems 
built under the patents of Mr. James M. Dodge, M. Am. 
Inst. M. E., with descriptions of several notable plants, 
were given in an article entitled ‘‘Some Recent Mechan- 
ical Coal Storage Plants,’’ by Mr. W. G. Hudson, M. Am. 
Soc. M. E., in Engineering News, Aug. 29, 1907.—Ed.] 


good screening facilities. Lip screens up to 6 
ft. in length are the rule. The time is at hand 
when attention must be given to handling the 
coal without breakage, and to properly preparing 
it when reloading. As a notable example of the 
development of these features to a high stand- 
ard, in the following is given a description of the 
Berwind-White Coal Mining Co.’s new dock at 
Superior. 

Early in 1907 the contracts were let by the 
Berwind-White Coal Mining Co. for a new coal 
dock, with the intention of completing it in time 
to fill it with coal before the close of naviga- 
tion. August 15 was the day appointed to put 
the machinery into operation. The plant is of 
the bridge tramway type, as shown in Figs. 1 and 
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2, each one of the bridges having a total length 


of 506 ft. The span is 295 ft. c. to c. of towers; 
the cantilever is 125 ft., and the boom from the 
center of the front tower is 86 ft. Of the struc- 
tural design the following points may be of in- 
terest. The weight of each front tower is 140,- 
(4) Ibs., of each rear tower, 80,000 Ibs., and of 
each bridge, 454,000 lbs. The chords are 16 ft. 


centers; the panels, 22 ft., and the trusses at 


by alternating-current motors. The motor driv- 
ing the trolley drum is also used for propelling 
the bridge lengthwise on the dock, and when 
used for this purpose, its power is transmitted 
through the bridge and down the tower legs by 
hollow shafting and steel gears. The trucks at- 
tached to the structural framing are designed 
to compensate for any unevenness in the tracks 
by a swiveling freedom. 


the bucket is hoisted) so that when the hoisting 
cable is made longer by letting out some at the 
dead end, it results in the travel of the carriage 
being further down the track. The holding cable 
is fastened at one of its ends to a drum and is 
passed along the under side of the bridge, through 
the main trolley wagon, a hoisting block at 
tached to the bucket, and thence to a dead end 


at the rear of the bridge. No counterweights or 
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FIG. 2. 


the center of the bridge are 25 ft. The 
design permits of moving either tower 15 ft. out 
of line with the other. To accomplish this a king 
pin is used to connect the bridge to the front 
tower. A girder supported by the converging 
legs of the tower carries a similar one located be- 
tween the upper chords of the bridge at the 
second panel point, and the king pin passes 
through the center of these girders. At the rear 
tower the bridge is suspended on 14 eyebars, 6 

1-in. in section and 22 ft. long c. to c. of holes. 
There are seven bars on a side, outside of the 
bridge chords. The pins at the top of the bars 
are supported in a girder across the tower legs, 
over the bridge. The supporting girder in the 
bridge is on top of the lower chord. Side swing- 
ing due to wind is prevented by rubbing plates 
attached to the tower and bridge. When the 
towers are moved out of line, one set of bars in- 
clines slightly backward and the other set for- 
ward. 

The dead load, exclusive of machinery, for each 
truss is 90,000 Ibs. at the front tower and 127,- 
000 Ibs. at the rear tower. The machinery load 
for each truss is 39,000 Ibs. at the front tower 
and 7,000 at the rear. The chords are made up 
of latticed channels throughout except eight 
panels of the top chord which are covered with 
plate. The channels range from 1(-in. 15-Ibs. 
at the rear end of the top chord to 15-in. 50-lbs. 
in two panels of the bottom chord. The bottom 
chord is 57 ft. above the track elevation. 

A three-ton automatic bucket is used, both for 
unloading boats and reloading into cars, though 
the design permits of the use of drag buckets for 
reloading, at the discretion of the operating com- 
pany. Seven-eighth in. cast-steel wire cables are 
used for hoisting and operating the bucket. A 
%-in. cable is used to trolley the bucket along the 
bridge. 

The trolley wagon, or carriage, supporting the 
bucket travels on 35-lb. T-rails laid on and hook- 
bolted, for adjustment, to the flanges of 15-in., 
42-lb. I-beams. 

To prevent sag in the cables on account of the 
length of the three earriers’” are 
used in each bridge. These are arranged to open 
for the carriage to pass through and close again 
to catch the sag in the ropes. They are oper- 
ated through levers connected to a hinged section 
of the track, the track lowering under the weight 
of the bucket. They are very efficient, operate 
quietly, and a cable is rarely seen below them, 


high. 


bridge, “rope 


so surely do they act. 
The hoisting and trolleying drums are located 
in the forward end of the bridge, and are driven 


By means of the auxiliary carriage, shown on 
the inclined track in the rear of the bridge, the 
reaving of the hoisting system becomes greatly 
simplified. The hoisting cable has one of its 
ends attached to the drum, the other end is car- 
ried through the bridge, passed around the upper 
sheave in the auxiliary carriage and dead ended 
at the upper end of the inclined track, making a 
two-part tackle. The other sheave in the auxil- 
iury carriage takes the bight of the “hoisting 
loop,”’ the two ends of which are dead ended on 


the power drums in the bucket housing, the 


Posts 


230" 


15‘C Chords 


Fig. 3. Cross-Section at the Center of a Dodge 
Tramway Bridge. 


sheave on the auxiliary carriage revolving as an 
idler only when trolleying. When the ends of 
the ‘hoisting-loop cable wear out, they are cut 
off and compensated for by leaving out more 
at the dead end of the hoisting cable above re 
ferred to, allowance being made for this when 
new cables are put on. The track is considerably 
longer than the actual travel of the auxiliary 
carriage (which is the distance through which 


SIDE VIEW OF COAL-HANDLING, TRAMWAY BRIDGES AT SUPERIOR, WISCONSIN. 


tension carriages of any kind are required in this 
rope system. Of the two trolley cables, one end 
of each is attached to the spirally grooved drum 
and the other to the trolley wagon. A tightening 
device in the wagon maintains the proper ten- 
sion. The trolleying speed is 1,000 ft. per minute. 

The booms are hinged that they may be raised 
to permit of boats passing. The bridges can 
also be operated with the booms up to avoid 
delay when moving past boat masts. 

There are two points of reloading. A hopper 
in the front tower is built without screens to 
chute coal either into box cars or gondolas by 
electrically operated chutes and gates. Under 
the cantilevers are screening towers and bridges, 
operated entirely independent of the tramways, 
and which are supplied with coal by either the 
tramways or locomotive cranes. 
passes either 
while the 
elevator, 


The lump coal 
into gondolas, 
raised by a_ bucket 
carried over the tracks in a conveyor 
and stored along the outside of the dock, from 
where they can 
tramways or 


into box cars or 


screenings are 


again be handled by either the 
This arrangement elimi- 
nates the usual large number of reloading bins 
and their attendant cost, thereby permitting the 
design of a few movable bins with much better 
screening facilities. 

The tramways may be operated from either 
end, according to where the coal is being han- 
dled. Only one required to operate a 
bridge. The layout of tracks and storage area 
has the great advantage of keeping the weight 
of coal away from the edge of the dock without 
lost space. As a result the cribbing will remain 
in much better alinement. 


cranes. 


man is 


Fig. 4 shows a double “contact post” used to 
transmit current to the various machines. The 
one shown is used to supply the bridges and a 
box car loader, being double sided. They are 
spaced every 16 ft. along the dock. Irregulari- 
ties in the track alinement are compensated for 


by flexibly arranged collectors attached to the 
machines. 

The power, 25-cycle, alternating current, used 
to operate the plant is furnished by the Great 
Northern Power Co. from their new water power 
development on the St. Louis River, above Du- 
luth. It is transmitted to the dock at 13,000 
volts, and there transformed down to 440, at 
Which it is distributed te the various machines. 

The machinery is designed to handle the three- 
ton buckets at the rate of one trip a minute from 
the boat to the dock or from the dock tothe cars 
On Sept. 26, a little more than a month after 
the plant was put into operation, the three 
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bridges made records of 520, 610 and 617 trips 
n a run of 8% hours; a total of 1,747, or an 


average of 68.5 trips per hour per bridge. Since 


then occasional runs of between 90 and 100 trips 
in an hour have been recorded. With such in- 
reased size of bucket and speed in handling 
them, it has been found essential that the boat 
owners furnish boats that require the least 
shoveling to clean up if they wish to minimize 
their delays at the dock. It is poor economy 
1 both the boat and dock owner to continue the 
use of some of the old coal carrying boats now 
on the lakes. 

The three bridges were put into operation on 
\ug. 8, a week before the specified time. Dur- 


Fig. 4. Contact Posts and Collector Shoes for 
Transmitting Electric Current to Tramway 
Cranes at Superior, Wisconsin. 


ing this time the complete mechanical and elec- 
trical equipment was manufactured, shipped to 
Superior and erected, and this was done at a 
time when labor was scarce and shops were al- 
ready full of orders. The first coal was unloaded 
on Aug. 18, after which time and before the close 
of navigation, approximately 300,000 tons were 
stored, ten months after the contract was let. 

The plant was designed and built by the Dodge 
Coal Storage Co. of Philadelphia. The bulk 
of the machinery was manufactured for them by 
the Link-Belt Co., of Philadelphia and Chicago. 
The writer was in charge of the erection of the 
plant for the Dodge Co. from beginning to end 
of the work. 


SOME DETAIL POINTS IN THE DESIGN AND CON- 
STRUCTION OF A RAILWAY VIADUCT. 

By PHILIP AYLETT,* Assoc. M. Am. Soc. C. E. 

In the construction of an extension of the Sea- 
board Air Line Ry. the writer had occasion to 
design and erect several long bridges and via- 
ducts in which work his attention was directed 
to many matters of importance in such design 
and construction that may be of interest to the 
profession. These detail points are taken up in 
this article, using one of the aforementioned 
viaducts as an example with which to point the 
moral. The paper is more of a general nature 
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cent shaped; somewhat similar, though of 
smaller extent, to that formed by the Mississippi 
River at New Orleans, La. The located line 
almost divides into halves that area bounded by 
the crescent bend on the west shore (Fig. 1). In 
the stream above the railway there are several 
islands, covered by trees which are submerged 
during flood. Several hundred feet above these 
islands Peachtree Creek enters the river, at which 
point the City of Atlanta has an intake for its 
water supply. The pumping station is near by 
and is surrounded by a heavy levee or embank- 
ment for protection at flood periods. Below the 
Seaboard crossing, approximately 1,200 ft., a 
public road bridge crosses the stream and still 
further down (about 1,000 ft.) the river is 
crossed by a bridge for the Nashville, Chatta- 
nooga and St. Louis Ry. The Seaboard viaduct 
consists of two 1385 ft. 3-in. deck Pratt truss 
spans approached on one side by three 60-ft. 
and two 35-ft. plate girder spans and on the 
other side by one 46-ft., four 35-ft. and four 60-ft. 
plate girders spans. All piers and abutments are 
of mass concrete founded on rock. 
PRELIMINARY SURVEYS 

After making the usual base-line measure 
ments, triangulations, soundings, profiles, and 
securing high-water elevations, also the locations 
and dimensions of all existing structures in the 
vicinity, it is the writer’s practice to traverse 
the banks of the stream above and below the pro- 
posed structure for several thousand feet, or 
more if necessary. In important cases, or where 
conditions demand it, this traverse is carried up 
and down both banks of the stream, and tied 
across at several points, thus affording a closed 
traverse and a check upon the work. The con- 
tour of the high-water plane is also established 
on adjacent high ground and the center-line 
profile is always extended to an intersection with 
same wherever they may be found on each shore. 
The high-water contours are gqstablished by 
level stakes, which are tied to thd river traverse 
lines or to traverses run in for the purpose. 

Such a survey is of high importance because 
of its direct bearing in establishing the direc- 
tions of piers, length and character of channel 
spans and approaches, and also the course and 
directions taken by driftwood and debris during 
floods, thus contributing to the design of a struc- 
ture suited not only to the requirements and 
conditions of the stream at its normal stages, but 
also to those obtaining at abnormal or flood 
stages, which are of far more importance. It is 
during periods of flood that damage to adjacent 
lands and the structure itself occur, and Jit is 
the designer’s duty to know and meet flood re 
quirements, thus eliminating maintenance ex- 
penditures and possible litigation. 

Two of the most common blunders usually 
made in the design of structures over inland 
streams subject to overflow are in establishing 
the directions of the piers relatively to the cur 
rent and in the length and character of the 
approaches over submerged lowlands. Piers 
adapted, both as to shape and direction to offer 
the least resistance to the stream at normal 


from the data furnished merely from a locating 
engineer’s profile. 

At Chattahoochee River a topographical sur- 
vey of the stream and its vicinity, above and be- 
low, together with other data as outlined above, 
disclosed the fact that at flood, drift, instead of 
passing down the main channel of the stream, 
departed therefrom at the islands above and, tak 
ing a short cut over the submerged low-grounds 
enclosed by the crescent bend, again entered the 
stream at or near the public bridge. The direc- 
tion of the public bridge piers, relatively to the 
channel, doubtless contributed largely to further 
deflection of the drift and debris below. The 
formation of the islands was due probably to 
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Fig. 1. Location Plan of Chattahoochee River 
Crossing. 


eddies created by cross currents from Peachtree 
Creek. The located line crosses the stream 
nearly at right angles and is considered an ex- 
cellent location at this point. The piers were 
built at right angles with the center line, and 
the west abutments located 250 ft. from Pier No. 
11 of the channel spans with the steel viaduct 
on concrete pedestals intervening. No drift has 
been seen to pass west of this abutment. East 
of the river the viaduct approach is 426 ft. long, 
of a construction similar to that on the west side, 
except in the 46-ft. girder span over the water 
works and clay-bank spur tracks. This girder 
span could not be given the standard depth of 
6 ft. 10% ins. from base of rail to bridge seat, as 
was done at the west abutment, a distance here 
of 4 ft. 7% ins. only being obtainable on account 
of under clearance. 

MASONRY WORK. 

At the east end the steel viaduct terminates 
on a concrete winged abutment, which retains 
the road-bed embankment behind it, and pro 
tects the water-works siding. On the west end 
a concrete abutment was also proposed and de- 
signed, but on account of tresit!lework being. sub- 
stituted for embankment, the wings of this abut 
ment were (for the present) omitted until such 
time as their addition became necessary by fill- 
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FIG. 2. THE CHATTAHOOCHEE RIVER VIADUCT OF THE SEABOARD AIR LINE RY. 


than a specific description of one structure ané 
the opinions and statements apply equally as 
well to other viaducts as to the one especially 
mentioned. 

The viaduct under discussion carries a single 


track of the Atlanta-Birmingham extension of 


the Seaboard Air Line Ry. across the Chattahoo 
chee River, about four miles from Atlanta, Ga., 
where the branch joins the main line of the sys 
tem. At the site of this crossing the main chan- 
nel of the stream during its normal stage is cres 


*Formerly Bridge Engineer, Seaboard Air Line Ry 
Now Terminal Engineer, Tidewater Ry., Portsmouth, Va. 


stages may be found entirely unadapted to the 
currents and drift of floods. It frequently hap- 
pens that drift up to a certain elevation of the 
flood passes under the channel spans, while above 
this elevation it may take a short cut across the 
submerged low grounds, passing at one or more 
points under the approaches on one or both sides 


of the stream. Thus, much damage to the ap 
proaches is liable, if they are not designed with 
such conditions in view. The writer knows of 


several cases where grave blunders have been 
made, and litigation resulted, due to the sole fact 
that the structures and approaches were designed 


ing in the trestle. Therefore only enough of this 
abutment as designed was built, as would pro 
vide merely a supporting pier for the girders 
The stringers of the trestle are supported by this 
pier also, in notches provided in the back wall, 
thus avoiding the necessity for a frame-bent ad 
jacent to the abutment for stringer support as 
is usually the case. Provision was made for 
bonding in thoroughly the wings, when built, by 
stepping and projecting embedded bars. 

All pedestals and piers are constructed of 
concrete, mixed and proportioned in accordance 
with the standard specifications of the Seahoard 
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Air Line Ry. The channel piers are founded 
upon solid rock, crib-cofferdams being used. 

Copings of viaduct-pedestals and channel piers 
were fixed at elevations which would bring them 
within not less than two feet above extreme 
high water. It will be noted that the pedestals 
of bent No. 1 are carried up 4 ft. above the ad- 
jacent spur tracks in order to prevent accident 
to the columns from derailed engines or cars 
on these tracks. In the construction of concrete- 
pedestals for viaducts, or, indeed for any con- 
crete structures of small dimensions and volume, 
it is the writer’s practice to establish in the 
office and show on the masonry layout the neat 
line elevations of every pedestal as well as the 
coping elevations. By doing this, full details, 
dimensions, batters, heights, etc., can be given 
on the masonry layout for each pedestal and 
thus nothing left for judgment or computation 
in the field; at least above ground. Lengths, 
sizes and spacing of all anchor-bclts are also 
given. 

MONOLITHIC CONSTRUCTION.—Thus with 
complete information covering every pedestal 
above neat line, given on the masonry layout, 
the forms can be completed to coping offset; and 
the coping form and anchor-bolt templates made 
ready for immediate use. 

This course will insure continuous work and 
monolithic construction, from neat line to top 
of coping, there being no occasion for interrup- 
tion of the work between these points. It has 
been observed that a serious blunder is usually 
made by stopping the concrete work at the bot- 
tom of anchor-bolts and delaying it there until 
the bolts are set in position, which usually takes 
long enough to allow the setting up of deposited 
concrete. Often the work is left in this state for 
days. This results always in a joint or seam in 
the pedestal below anchor-bolts. There being 
little or no bond between the old and new con- 
erete at this point, uplift can only be counter- 
acted by that mass of the pedestal embedding the 
bolts above this joint. This mass being generally 
about 4 ins. shorter than the bolts themselves. 
Furthermore, the section of the pedestal at this 
joint is still further weakened on account of 
the location of the anchor-plates, in the plane of 
these joints, and thus depriving the pedestal 
section of an area equal to the combined areas 
of the plates. There are usually four plates, 
from 6 to 8 ins. square each; consequently the 
pedestals are robbed of from 144 to 256 sq. ins. 
of their sectional area at a point which has al- 
ready been weakened by non-continuous concrete 
work, 

The writer has seen viaduct pedestals severed 
in twain immediately below the anchor-bolts by 
uplift and vibrations from the moving loads 
solely from above causes. In one instance the 
upper portion of the pedestal containing the em- 
bedded anchor-bolts slipped forward on the lower 
portion approximately %-in. or more. This back- 
ward and forward movement had continued un- 
til the concrete surfaces at the fractured section 
had begun to wear smooth from this grinding 
and polishing action under the movement of 
trains. The importance of continuous concrete 
work in pedestal construction being so obvious, 
field engineers, inspectors and all concerned are 
given special instructions, and in all cases it is 
the writer's practice to place conspicuously on 
the masonry layout a note as follows or similar 
thereto: 


All pedestals must be carried up to completion from 
neat line to top of coping, without interruption, so that 
the completed structure will be one solid monolithic 
mass. 

Further than this, in order to avoid defective 
construction, as described above, the writer has 
specified in recent structures anchor-bolts of dif- 
ferent lengths, also “boulder bond.’”’ Both of 
these methods have proven to be satisfactory. 

It is sometimes necessary in pedestal construc- 
tion, in order to obtain a monolith of sufficient 
depth from the top to counteract uplift, vibra- 
tions, etc., to resort to one of the following de- 
vices or a combination of them: (1) lowered 
neat lines; (2) increased dimensions; (3) con- 
tinuous concrete work even at neat lines; (4) 


“boulder bond’; (5) increased lengths of anchor- 
bolts, these acting as reinforcing or bonding 
bars. No stop in the work should be allowed 
at neat lines unless the mass above is sufficient 
in weight and dimensions. If there is uplift at 
all, or even if there is absolutely none—the mass 
of the pedestal included within the lengths of 
anchor-bolts cannot be sufficient—if the anchors 
are of customary lengths and the pedestals of 
economic dimensions. 

It appears from observation on various rail 
ways of a large number of pedestals during con- 
struction that all of them are made up of never 
less than two monoliths, one above and one below 
neat line, and that 90% or more are composed 
of three monoliths, one below neat line and two 
above. The dividing line between the two mono- 
liths above ground is at the plane of the anchor- 
plates or the thickness of the anchor-bolt heads 
below the plates, where the work was delayed 
in setting up and lining anchor-bolts. The writer 
has found by actual uplift tests (upon full 
size pedestals and columns) that viaduct 
columns anchored with ordinary (not ragged) 
stone-bolts only 12 ins. in length, leaded and 
sulphured (or simply cemented) in holes drilled 
into top of pedestal after erection, afford a far 
stronger, safer and more satisfactory job than 
do tower-columns anchored by 4-ft. bolts 14 
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Interior faces of forms were lined with No. 2S 
sheet iron. Butt joints were used exclusively 
in the lining metal. Sections of forms were 
conveyed from shore to piers by cableway, and 
let down in place on the section previously 
placed and concreted; holes in flanges matched 
and bolted, and thus another 3-ft. section was 
made ready for concrete. This operation of add 
ing new sections required about ten minutes only. 
Thus the concrete is continuous, and piers are 
secured which are practically solid monoliths. 

The top of each form section, immediately 
after placing, was brought to the computed ele 
vation, as given on the detail drawing, by an 
engineer’s wye level from the shore or another 
pier. 

Tie rods %-in. in diameter with a threaded 
sleeve near each of its ends are shown; thes: 
prevent bulging of forms by the wet concrete. 
Those portions of the tie rods between the 
sleeves and forms are unscrewed from sleeves 
and removed, thus leaving no rods projecting in 
the face. Further description is unnecessary 
the drawings and notes thereon being full and 
explicit. 

STEEL SUPERSTRUCTURE. 

In the towers where the 35-ft. girders are 
placed vertical tie members were provided be- 
tween the centers of the bottom horizontal longi 
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FIG. 3. FORMS FOR CONCRETE PEDESTALS ON THE CHATTAHOOCHEE VIADUCT. 


ins. in diameter (with anchor-plates 6 xk % x 6 
ins.) embedded in pedestals, built without regard 
to monolithic construction, or other precautions, 
as above set forth. 

At Chattahoochee River the pedestals were 
monoliths. After completion the pedestals and 
piers were floated down and washed with ce- 
ment grout and the 8 x 8-in. steel cut-water 
angles on the channel piers were given two 
coats of black paint, as was also the entire 
superstructure. 

FORMS.—The planking of pedestal and pier 
forms was undressed and lined inside with No. 
28 sheet iron. This not only secured a smooth 
outside finish but hastened delivery of lumber 
for forms inasmuch as no dressing was neces- 
sary at the mills. Special forms for the river 
piers were designed with a view to rapidity of 
erection and their repeated use, important con- 
siderations on account of the frequent and rapid 
rises of this stream. 

The essential feature of these forms consists in 
constructing the entire form on shore in advance 
in 3-ft. sections from neat line up, placed one 
upon the other as the concrete advances. (Fig. 
2.) All that was necessary to connect adjacent 
sections was to bolt the 8 x 12-in. flange plates 
(or pieces) through open holes provided in same. 
The matching of these holes in the flanges 
brought the interior faces of the form sections 
in true continuity throughoyt, 


tudinal struts and the intersections of the longi 
tudinal cross-bracing as shown. The writer has 
never shared the opinion of some engineers 
that these vertical members, because they are 
subjected to no stress, are unnecessary and add 
useless expense. In the light of one experience, 
some years ago, these members are considered 
important in viaducts forming approaches over 
low grounds subject to overflow, and crossing 
the path of floating brush and debris. 

In the experience referred to the conditions 
were these: a long steel viaduct formed the ap- 
proach to the channel spans of a single-track 
railway bridge over a southern stream, which 
was subject to high freshets, submerging a vast 
area of low-lands. During the high stages of 
the flood the bulk of the drift left the channel 
at a point above the crossing, and taking a short 
cut across the low-lands passed under the via 
duct approach. A large tree, with projecting 
branches, was caught and held in its passage 
by the bottom longitudinal strut of one of the 
towers and, thus obstructing other drift, caused 
the formation of a high and dense “hammock,” 
which, aided by the rising flood, soon mounted 
the column strut located about 4 ft. above the 
water surface. The great weight of this wet 
mass, added to the force of the water and im- 
pact from drifting logs, broke the strut. The 
floating mass thus freed passed on, and coming 
in contact with the down-stream strut of the 
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ime tower also, broke it instantly. <A vertical 
ember connecting the centers of these struts 
the longitudinal bracing would have doubt- 
ss enabled them to have withstood this flood, 
rtainly until daylight. 
In renewals of existing viaducts upon the Sea- 
yard System it is customary to adopt a uni- 
form depth between base of rail and top of col- 
mns common to both tower and intermediate 
pans. This depth for viaducts _upon the 
tirmingham Extension was 6 ft. 9% ins. 
Two 7 x 5-16-in. plates, bolted in position 
hrough slotted holes, were used to connect ad- 
acent ends ‘of girders over columns. These 
lates add much to the appearance of the via- 
juct by covering the clearance spaces over columns 
between ends of adjacent spans, thus producing 
. continuous and unbroken girder line of uni- 
form depth from end to end. These plates also 
issist in maintenance of alinement, and increase 


Single Pointer Gage 


. pole was located at this point near pier 9 on the 


center line. A track was laid through the first 
truss span upon ties resting upon its bottom 
chords, and the material for the second span 
was supplied over this track. At completion of 
the second channel span the bottom chord track 
was extended over same for transporting the 
viaduct material, which was’ subsequently 
erected. 

The assumed live loading used in this struc- 
tures was Cooper's “E 50,’ with an assumed dead 
loading as follows: 35-ft. spans, 925 Ibs. per lin. 
ft.; 60-ft. spans, 1,150 lbs. per lin. ft.; truss 
spans, 2,100 lbs. per lin. ft. Fixed ends of truss 
spans were located on piers 9 and 11, thus bring- 
ing the expansion ends of both spans upon pier 
10. 

Between the vertical end posts solid web plate 
girders or floorbeams are provided, acting as 
struts, and to these the adjacent 60-ft girder 
spans of viaduct are riveted. Special care was 
also taken to secure satisfactory connections 
here. All steel work, quality of material, allow- 


THE MOISTURE IN THE ATMOSPHERE AND ITS EFFECT 


ON THE OPERATION OF COMPRESSED AIR MA- 
CHINERY, ESPECIALLY AIR BRAKE, MULTIPLE-UNIT 
TRAIN CONTROL AND TRAIN SIGNAL SYSTEMS.* 
By H. M.-PREVOST MURPHY.?+ 
Ever since the introduction of compressed air 


into the railway and commercial fields, much im- 
perfect operation and many failures have resulted 
from the presence of condensed moisture in vital 
parts of the apparatus used. 
perience and careful, scientific investigation have, 
however, demonstrated that all difficulties aris- 


Long practical ex- 


ing from this source may be reduced to com 
parative insignificance, if not entirely eliminated, 
by properly installing the various devices con- 
cerned. The objects of this article are to point 
out the physical laws involved in the subject, 
to explain the most approved methods of secur 
ing “dry air’’ for use in any system, and to es- 
tablish a correct method for determining the 
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rigidity and are constructed so that expansion is 
not interfered with. In connections, over col- 
umns, between girders of different depths it has 
been observed that unsatisfactory details as to 
both strength and appearance is usually the case 
in railway and highway viaducts. 

Erection commenced at the east abutment, 
near which a derrick was raised for unloading 
steel from cars on the spur tracks. On account 
of the embankment not having been completed 
behind the abutment the viaduct was erected 
from the ground by a gin-pole. A temporary 
track was laid from the spur tracks to the river 
a few feet distant and parallel to the viaduct. 
Material was taken from push cars on this 
track by the gin-pole. The 60-ft. girder adjacent 
to the truss span was not erected until both 
channel spans were completed and all the steel 
for the viaduct on the west bank had been trans- 
ported across the stream. 

The procedure after completing the erection 
to bent S was as follows: the 60-ft. girder between 
bents 8 and 9 being omitted temporarily, the gin- 
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able stresses, etc., was in accordance with S. A. 
L. Ry. specifications of 1902. 

ORGANIZATION.—In conclusion, the writer 
acknowledges his thanks and indebtedness to the 
superstructure contractors, The American Bridge 
Co., for their cheerful and energetic cooperation 
in securing a high standard in designs, material 
and workmanship in this and many other struc- 
tures erected under the writer’s supervision; also 
to Mr. W. C. Watson, Assistant Bridge Engi- 
neer, for his valuable assistance in drawings 
and design; to Mr. C. T. Peed, draftsman, and 
to Mr. Thos. B. Cox, Chief Inspector of Erection, 
for their constant vigilance and care. 

During the construction of this work, Mr. W. 
W. Gwathmey was Chief Engineer S. A. L. Ry., 
Major D. B. Dunn, Division Engineer, and Mr. 
S. P. Daniels, Resident Engineer. Credit is due 
these gentlemen and to the contractor for sub- 
structure, Mr. B. M. Hardaway, for the extreme 
accuracy and efficient handling of this work 
throughout and the highly satisfactory results 
achieved. 


DIAGRAMMATIC ARRANGEMENT OF A WESTINGHOUSE AIR-BRAKE EQUIPMENT FOR ELECTRIC LOCOMOTIVE. 


amount of moisture that is deposited by com- 
pressed air under various operating conditions. 

Although the troubles resulting from ‘‘wet air’ 
are of much consequence in stationary work, 
where complicated pneumatic machines are used, 
it is seldom that any very serious accidents oc- 
cur in this field; loss of time and broken tools 
usually being the extent “of the damage done. 
It is in the operation of modern railways, par- 
ticularly electric systems, where the problem as- 
sumes a most important nature. This will be 
readily appreciated when it is remembered that 
on a large number of such roads the block sig- 
nals, interlocking switches, multiple-unit control 
equipments and automatic brakes are all oper- 
ated by compressed air. 

Of course, the evil effects of excess moisture, if 
permitted to enter any of the systems referred 
to, are readily imagined if indeed not already 
familiar to the reader. In warm climates, where 
freezing weather is never experienced, any water 
“*Copyright, 1908, ‘by Engineering News Publishing Co. 


+Mechanical Engineer, Westinghouse Air Brake Co., 
Pittsburg, Pa. 
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passing through and deposited in the various 
valves and passages is not a positive source of 
danger, although it may cause extremely slug- 
gish and unsatisfactory operation, but it will 
nevitably produce a much more rapid deteriora- 


ym of the apparatus than would otherwise be 
the case. On the other hand, in latitudes where 
freezing does occur for even short periods of 
time, any water which is deposited in these sys- 
tems is not only liable to burst pipes and valves, 


but also to so obstruct the ports and passages of 
the various devices and even to so entirely block 
the action of the moving parts, that failures from 
this source are, unfortunately, of too frequent 
occurrence during the winter months. 

In order to clearly understand the situation and 
to obtain a useful knowledge of the methods em- 


smaller is the amount of moisture that it can 
contain. 

(6) When air is compressed, its temperature 
rapidly rises to a high point, which depends on 
the design and speed of the compressor and the 
delivery pressure worked against. 

(7) The rise of temperature due to the com- 
pression of the air, in all cases found in prac 
tice, far more than offsets the opposite effect of 
the rise of pressure on the 
capacity of the air. 


moisture carrying 


As a result of these laws, it is easy to see how 
water is deposited by compressed air as it passes 
from the pump to the various portions of the 
system. Suppose that a certain amount of 
atmospheric air enters a compressor and that 
this air is at the saturation point, that is that it 
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AIR-BRAKE EQUIPMENT FOR MOTOR CAR. 


ployed in practice to obviate the difficulties ex 
perienced from the presence of the moisture in 
the atmosphere, it will be necessary to first in- 
vestigate the simple unvarying physical laws 
which govern the case. These laws may be 
stated as follows: 

(1) Atmospheric air always contains some mois- 
ture, which it absorbs from rivers, creeks, rain- 
fall, ete. 

(2) The amount of moisture present in the 
atmosphere depends on local conditions and on 
the weather. 

(3) The maximum amount of moisture that 
pure air can contain depends only on its tempera- 
ture and pressure, and has an unvarying value 
for each condition. 

(4) The higher the temperature of the air, the 
greater is the amount of moisture that it can 
contain. 

(5) The 


higher the pressure of the air, the 


contains all the moisture possible at the existing 
outside temperature and pressure. Then as this 
air is compressed as stated in law (7), its mois- 
ture carrying capacity very rapidly increases, 
for the rise of temperature more than offsets the 
opposite effect of the rise of pressure, conse- 
quently all the moisture in the air is still re- 
tained by it and passes with it into the main, 
or storage, reservoir and its connecting pipes. 
Now if this air is permitted to pass from here 
into the various parts of the system before be- 
ing cooled to the outside temperature, it will; of 
course, carry more moisture with it than it is 
capable of holding in suspension when the tem- 
perature finally drops to the normal point, and 
this excess quantity will then be deposited, be- 
cause, the pressure being high, the air cannot 
hold as much moisture as it did at the same 
temperature and only atmospheric pressure 
(law 5). 


Now, as will be readily seen, in order to re- 
duce to a minimum the evil effects of this water, 
which is bound to appear in any compressed air 
system under average weather conditions, it is 
most desirable to cause the air to deposit all of 
its excess moisture in the main reservoirs, from 
which it may be easily removed by the drain 
cocks which should always be provided for that 
purpose. In order to accomplish this completely, 
it is merely necessary to cool the air to the out- 
side temperature before it leaves these reservoirs. 
This may easily be done by using a sufficiently 
long air discharge or radiating pipe between the 
pump and the main reservoirs which should be 
of large capacity not only to provide for an ample 
storage of air but also in order to allow the com- 
pressed air to remain in them for a length of 
time sufficient to permit the superfluous mois- 
ture to be completely deposited and to insure a 
liberal supply of cold air at all times. The use 
of pressure reducing valves between the main 
reservoirs and the rest of the system is some- 
times considered of benefit in securing “dry air,” 
but as such devices simply cause some of the 
moisture to be deposited in the pipes near at 
hand (not in the main reservoirs) instead of in 
the more remote parts of the system, the merits 
of this method are extremely doubtful and it 
should never be resorted to unless drain cups 
are placed in the pipes concerned, for excess 
water vapor once allowed to pass from the main 
reservoirs will surely cause ultimate trouble un- 
less it be properly trapped and regularly drained 
off. 

In stationary work where the air is sometimes 
reheated before being used, in order to increase 
the efficiency of the devices operated by it, no 
trouble ought ever to be experienced from the 
moisture, but in all other installations, including 
those on railways, long radiating pipes should al- 
ways be employed. Of course it is true that even 
if the compressed air be cooled to the existing 
outside temperature, before leaving the main 
reservoir, some moisture may be deposited in the 
rest of the system, if a drop of the outside tem- 
perature occurs, but the amount of water thus 
produced must obviously be very small, and 
appears merely as little beads on the _ in- 
terior walls of the various devices. It is seldom 
that any trouble is experienced from this source 
alone. Moreover, although compressed air may 
be properly dried before leaving the main reser- 
voirs, some moisture may be temporarily de- 
posited when the air is subsequently expanded 
to lower pressures, as the moisture carrying ca- 
pacity of the air is usually affected more by the 
drop in temperature, resulting from the expan- 
sion, than by the drop in pressure, but when the 
air again attains the outside temperature, the 
moisture thus deposited will be re-absorbed if 
it is freely exposed to the compressed air. 

In order to show how installations should be 
made so as to secure “dry air’’ for use in any 
system, piping diagrams of modern Westing- 
house air-brake equipments for street railway 
and interurban cars and electric locomotives are 
illustrated by Figs. 1 and 2, in both of which 
the radiating pipe is clearly indicated. For sta- 
tionary plants, such as automatic switch and 
signal stations, similar radiating systems should 
be employed in addition to which water-jacketed 
compressors should be used whenever possible 
not only to secure a high mechanical efficiency 
but also to aid the radiating pipes in the per- 
formance of their duty. As a general propo- 
sition in railway work, 50 to 70 ft. of this pipe 
is considered the correct amount, and, when used, 
no trouble whatever should be experienced with 
wet air, if the reservoirs are carefully drained 
every day or, in moist climates, after each long 
run. 

In order to determine exactly what percentage 
of moisture pure air can contain at various pres- 
sures and temperatures, to ascertain how low the 
“relative humidity” of the atmosphere must be 
in order that no water will be deposited in any 
part of a compressed air system and also to 
find to what temperature air drawn from a satu- 
rated atmosphere must be cooled in order to 
cause the deposition of moisture to commence, 
the following discussion is necessary, as no cor- 


| 
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rect method has heretofore been published to 
cover the situation. 

In order to obtain the desired information, it is 
only necessary to remember a well-known phys- 
ical law which covers the case of most mixed 
gases with great exactitude, for water vapor is 
merely a gas. This law is known as ‘Dalton’s 
Law of Gaseous Pressures,’ and may be stated 
as follows. 

Every portion of a mass of gas enclosed in a vessel 
ontributes to the pressure against the sides of the vessel 
the same amount that it would have exerted by itself had 
no other gas been present. 

In other words, the total pressure exerted 
against the interior of a vessel by a given quan- 
tity of a mixed gas enclosed in it is the sum of 
the pressures which each of the component gases 
would exert separately if it were enclosed alone 
in a vessel of the same bulk, at the same tem- 
perature. 

This law applies to mixtures of pure air and 
saturated water vapor, and in order to determine 
the maximum weight of moisture that can be 
held in suspension by one pound of pure air at 
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any temperature and pressure it is merely neces- Pi 0.248 t \ 
sary to proceed as outlined in what follows. u= 1.6494 + ———— 


Letting pe represent the absolute pressure in 
lbs. per sq. in., and ¢t the temperature Fahren- 
heit, the weight in Ibs. of 1 cu. ft. of pure air is 
known to be equal to: 


459.2 + t 850 — t, 
and by letting W represent the weight of N cubic 
feet of saturated steam at the temperature, f¢, 
and pressure, ji, there results the equation: 
Np, 0.248 ¢ 
—— { 1.6494 + ——_—— } ...(Equation 2) 
459.2 + t 850 — t 


pe 


2.698192 x — 
459.2+t 
Also letting N equal the volume in cubic feet of 
one pound of pure air at the temperature, t, and 
pressure, pz, there results the equation: 


By taking the N cubic feet of pure air at pres- 
sure, pz, and the N cubic feet of saturated steam 


“ at the pressure, pi, and forcing them both into 
1 = N 2.698192 x .... (Equation 1) one vessel of volume, N, keeping the temperature 


459.2 + t 
Now w, the weight in lbs. of 1 cu. ft. of satu- 
rated steam (or water vapor) at the temperature, placed equal to p, thus: 

t, and corresponding absolute pressure, p:, in Ibs. D = P2 (Equation 3). 
per sq. in., has been shown by the author to be W will, of course, represent the maximum weight 
accurately expressed, in accordance with the of water vapor that 1 1b. of pure air can con- 


constant at the value, ¢t, the resulting pressure, 
by Dalton’s law, will be pe + pi, which may be 


~ 


average values given by the most reliable au- tain under the given conditions of pressure and 
thorities, by the following equation, for all con- temperature, as the steam considered is at the 
ditions: saturation point. To obtain the desired formula 


TABLE I.—A TABLE WITH FORMULAS GIVING THE WEIGHTS, IN LBS., OF 1 CU. FT. OF DRY AIR, OF 1 CU. FT. OF SATURATED STEAM OR WATER VAPOR 
AND THB MAXIMUM WEIGHT OF WATER VAPOR THAT 1 LB. OF PURE AIR CAN CARRY AT ANY PRESSURE AND TEMPERATURE. (Copyright, 190s, 


by H. M.-Prevost Murphy.) 


The Values K and H Being Given in the Table for Various Temperatures, t, 


in Fahrenheit Degrees, the Formulas Are: 


20201 K H 

Weight of 1 Cu. Ft. Saturated Steam = ————— 
459.2+t 

1.3253 K H 

Weight of 1 Cu. Ft. Saturated Steam = —— 

459 +t 


H Being Equal to 2.036 x (Gage Pressure + Atmos. Pres., in Lbs. per Sq. Inch). 


(Exactly). 


(Approximately). 


Letting W = the Maximum Wt., in Lbs., Water Vapor, that 1 Pound of Pure Air 
Can Contain, when the Temperature of the Mixture is t, and the Total, or Ob- 
served, Absolute Pressure in Lbs. per Sq. Inch is P, the Value of W, is: 

KH 
w= ——— (Exactly). 
2.0386 P — H 

The Values of K and H Corresponding to the Existing Temperature Being Given by 

the Table. 


H, K and t Having Corresponding Values as Given in Table 


1.325271 M 


For Any Temperature the Value of K (the Ratio of the Wt. of a Volume of Saturated 


Weight of 1 Cu. Ft. Pure Dry Air = ———— — (Exactly). Stream to an Equal Volume of Pure Dry Air at the Same Temperature and Pres- 
459.2 +t sure) May Be Accurately Computed by the Following Formula: 
1.3253 M 0.092 t 
Weight of 1 Cu. Ft. Pure Dry Air = — (Approximately). K. = 06119 + ——_ (Exactly) 
459 +t = VU. 
9 + 850 — t 


2.698192 P 
Weight of 1 Cu. Ft. Pure Dry Air —— 


459.2 + t 

2% FP 

Weight of 1 Cu. Ft. Pure Dry Air = ———— 
459 +t 


M Being the Absolute Pressure Measured in Inches of Mercury; 


——— (Exactly). 


(Approximately). 


Note.—The Results Obtained by the Use of Any of the Above Formulas Agree Exactly 
with the Average Data for Air and Steam Weights as Given by the Most Reliable 
Authorities and Careful Experiments, for All Pressures and Temperatures; the 
Value of K Being Correct for All Temperatures up to the Critical Steam Tem- 
perature of 689° F. 


P Being the Absolute Pressure Measured in Lbs. per Sq. Inch. 


TABLE GIVING THE VALUBS OF ‘‘K”’ AND ‘‘H” 


CORRESPONDING TO EACH FAHRENHEIT DEGREE OF TEMPERATURE FROM 30° BELOW TO 434° ABOVE 
ZERO. 
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Which will express the value of W in terms of 
the known quantities it is merely necessary to 
divide the members of Equation 2 by those of 
Equation 1, thus: 


N Pr 0.248 ¢ 
W 459.2 +1 — ¢ 


] 
698192 N 
459.2 +1 


which may be simplified by division to give, 


0.092t \ 
(0.113 + +4, 
850 — t P2 


but (by Equation 3) pe 


p — pr and by sub- 
stituting this value of pe in the above equation 
there results: 


0.092 t Pi 
W = (oss or, 
— t 


/ 0.092 ¢ H 
W = (tts + ) 
850 t / 2.036 p—H 
\.iere H represents the tension of saturated 
steam (or water vapor) at the temperature, ¢t, in 
ins, of mercury. 
In order to simplify matters, the first member 
of Equation 4 may be placed equal to K, thus: 
K x 
W => 
2.036 p — H 
The values of AK and H corresponding to all 
ordinary temperatures, are given in Table I. 
That is, Equation 5 is the desired simple for- 
mula which gives the maximum weight, W, (in 
pounds) of water vapor that one pound of pure 
air can contain when the total or observed abso- 
lute pressure in pounds per square inch is p, 
and the values of K and H correspond to the 
existing temperature, whatever its value may 
be. Table I. will also be found of much prac- 
tical value in other connections by noting that H 
is simply the absolute pressure of saturated 
steam expressed in inches of mercury, the ab- 
solute pressure in Ibs. per square inch being 
readily found for any desired temperature by 
dividing the values of H by 2.036; also K repre- 
sents the ratio of the weight of 1 cu. ft. of satu- 
rated steam at any given temperature and cor- 
responding pressure to l 


(Equation 5) 


will now be given to illustrate a few of the im- 

portant practical applications of Equation 5 and 

Tables I. and II. 

SPECIFIC APPLICATIONS OF FORMULAS 
AND TABLES. 

EXAMPLE 1.—How low must the relative 
humidity be, when the atmospheric pressure is 
14.7 lbs. per sq. in. and the outside temperature 
is 60°, in order that no moisture may be de- 
posited in any part of a compressed air system 
carrying a constant gage pressure of 90 lbs. per 
sq. in.? The relative humidity of the atmos- 
phere is, of course, the percentage of moisture 
which the air contains at any particular pres- 
sure and temperature as compared with the 
maximum amount which it can hold under the 
same conditions. 


Solution.—In order to solve this problem it is 
merely necessary to use Equation 5 to determine 
the maximum amount of moisture that 1 Ib. of 
pure air can contain at 90 Ibs. gage pressure 
(or 104.7 Ibs. absolute pressure) and 60° tempera- 
ture which may be easily done by aid of Table 
I., thus: 

KH 
W (at 104.7 lbs.) = ——-——-——- = 
2.036 p — H 


0.6183 & 0.5180 


2.036 & 104.7 — 0.5180 


= .001506 Ib.; 


and to find the maximum weight of moisture 
that 1 lb. of air can contain at 60° temperature 
and 14.7 lbs. absolute pressure, thus, 

KH 


2.036 p — H 


0.6183 X 0.5180 
— = 01089 Ib.; 
2.0386 X 14.7 — 0.5180 
but in order that no moisture may be deposited 
in the system, each pound of pure air must not 
contain over .001506 lb. of moisture, and there- 
fore the relative humidity must not be above 
the following value: 
-001506 
——— x 100 = 13.83% ...(Answer) 
-OLO89 
This example shows that, unless operating in 
an extremely dry climate, some moisture is sure 


W (at 14.7) = 


eu. ft. of pure air at »,appp i1—wEIGHTS, IN LBS., OF PURE DRY AIR, WATER VAPOR AND SATU- 


the same pressure and 
temperature. 

It is worthy of note, as 
demonstrated in the 
preceding discussion and 


MERCURY OR 14.6963 
URATED MIXTURES. 


RATED MIXTURES OF AIR AND WATER VAPOR AT VARIOUS TEMPERA- 
TURES, UNDER NORMAL ATMOSPHERIC PRESSURE OF 29.921 INS. OF 


LBS. PER SQ. IN. ALSO VALUES OF THE ELASTIC 


FORCE OR PRESSURE OF THE AIR AND VAPOR WHEN PRESENT IN SAT- 


(Copyright, 1908, by H. M.-Prevost Murphy.) 


as proved by numerous Sefureted Bixteres of Air and Water Vapor 
not @ constant but has a SO& SSESE 
different value for each Ex » ES DLs 
all of the tables here- | SS] >O% [SESE “EST |] REF | 


tofore published in text- 0 \.086354 0439 


29.877 |.000077 |.086226 |.086393 | .000898 


books and ‘hand-books 
which give the relative [<5 
| 22 | 105 | 117 
and total weights of air 32 logo726 
and water vapor and of 


084154 | .0754 
22 [082405 | 


000130 |.083943 |.084073 |.00/548 
000198 |.082083 |.08228) |.002413 
29.740 |.000300 |.080239 |.080539|.003744 


42 [079117 | .2673 


29.654 |.000435 |.07841!1 |.078 846 |.005554 


52 |.077569 -3883 


have been computed on 1 


the erroneous assump- 
tion that the ratio in 


29.533 |.000621 076563 |\.077184 |.008116 


29.365 |.000874 |.074667 |.075541 |.011709 


29.136 |.001213 |.072690 |.073903|.0/6691 


question is a constant,are 


not to be relied on with 92 1071940) 1.501 


any degree of accuracy, 102 |.070658 2.036 


as the majority of the 2 |.0694e) 2.731 


“82 |.073270| 1.092 


28.829 |.00166/ |.070595 |.072 256 |.023526 
28.420 |.002247 |.06833/ |.070578 |.032877 
27.885 |.002999 |.065850 |.068 849 |.045546 


27.190 |.003962 |.063085 |.067047 |.062806 


values furnished by such /22|.0682e27| 3.62) 


tables are far from being 132 |.067073 4.750 


correct. Table II. given /42 065957 | 6.167 


in this article is figured 152 |.064878 7.929 | 


26.300 |.005175 |.059970 |.065145 |086285 
25.171 006689 |.056425 |.063/14 |.//8 548 
23.754 |.008 562 |.052363 |.060925 |./63508 


010854 |\.047686 |.058540 |.227609 


correctly by the use of 162 063834 
the exact ratio for each /72 |.062822 


19.824 |.013636 |.042293 |.055929 |. 322407 


temperature specified and 182 061843 


“Tl 73.956 |.02/000 |.028 645 |049845 | 7280/2 | 


17.172 |.016 987 |.036055 |.053042 | 471146 


should prove of much 192 |.060893 


10.095 |.025 746 |.020545|04629/ | 1.25319 


value in all moisture 202 059972 24.442 


computations—some of [2/2 059079 | 


5.479 |.03] 354 |.010 982 |.042336 | 2.85507 
0.000 |.037922 |.000000|.037922 | Infinite | 


its uses are demonstra- 
ted by the last two ex- 
amples of the four, which 


Note.—Air is said to be saturated with water vapor when it contains the maximum 
amount possible at the existing temperature and pressure. 


to be deposited in the system and that this 
amount depends on the relative humidity of the 
atmosphere as well as on the outside tempera- 
ture and the pressure carried in the main reser- 
voirs. 

EXAMPLE 2.—When compressing air into a 
reservoir carrying a constant gage pressure of 75 
Ibs., from a saturated atmosphere of 14.7 lbs. ab- 
solute pressure and a temperature of 70°, to what 
temperature must the air be cooled after com- 
pression in order to cause the deposition of mois- 
ture to commence? 


Solution.—To answer this question, first find 
the maximum weight of moisture contained by 
1 lb. of pure air at 14.7 lbs. pressure and 70° 
temperature, by aid of Table I. and Equation 5, 
thus: 

KH 
W= = 


2.036 p — H 
0.6196 0.7382 


—— = ().01556 lb. 
2.036 14.7 — 0.7332 


then the temperature to which the air must be 

cooled in order to cause the deposition of mois- 

ture to begin may readily be found by placing 

this value of 0.01556 in Equation 5 together 

with the value of p equal to 75 + 14.7, thus: 
KH KH 


0.01556 = 


2.036 < 89.7 — H 182.63 — H 
2.842 

or H = —— 

0.01556 4+ A 


and the temperature which 


satisfies this equation is found by aid of Table 
I. to be approximately 129° F. (Answer.) 

That is in this case unless the air be cooled 
to 129° before being drawn from the main reser- 
voirs none of the moisture contained by it will 
be deposited in these reservoirs, so that the im- 
portance of reducing the temperature of the 
compressed air to that existing outside is clearly 
seen, for all of the excess moisture will be de- 
posited while the air in this case is having its 
temperature reduced from 129° to 70° F. 

EXAMPLE 3.—When the outside temperature 
is 82° F., and the pressure of the atmosphere is 
14.6963 lbs. per sq. in., the relative humidity be- 
ing 100%, in what time will one gallon of water 
be deposited in a main reservoir when the air is 
cooled to 82°, and the gage pressure is 100 Ibs. 
per sq. in., when a compressor is supplying an 
average of 30 cu. ft. of the moist atmosphere 
per minute? 

Solution.—_To solve this problem it is merely 
necessary to find the difference between the 
maximum weight of moisture mixed with 1 Ib. 
of pure air at the two pressures concerned, the 
temperature being 82° in both cases. For the 
atmospheric pressure of 14.6963 lbs. the desired 
weight may be computed by Equation 5 and 
Table I., or may be more easily found by aid of 
Table II., which gives the desired value in the 
eighth column as 0.023526 lb. For 100 Ibs. gage 
pressure, the weight may be found by Equation 
5 and Table I., thus: 

KH 


2.036 p — H 


v= 


0.6211 1.092 


= 0.002918 Ib. 
2.036 & 114.6963 — 1.092 


and therefore the weight of moisture deposited 
by each pound of pure compressed air is 
0.023526 — 0.002918 = 0.020608 lb. Now Table 
II., column 6, shows that each cu. ft. of the moist 
atmosphere contains 0.070595 lb. of pure air, 
therefore the number of cu. ft. that must be 
delivered to cause 1 lb. of water to be deposited 
is: 
1 1 
x = 687.37 cu. ft. 
0.070595 0.020608 


and one gallon of water weighs 8.32 Ibs. (ap- 
proximately) at 82° F., therefore 8.32 x 687.37 = 
5,719 cu. ft. of the moist atmosphere must be 


— 


we 
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delivered to cause one gallon of water to be de- 
posited, and the time required with the 30-cu. 
ft. compressor will be: 

5,719 

—— = 191 min. (approx.) = 3 hrs., 11 min. 

30 
(Answer.) 

This example shows clearly that a _ large 
amount of moisture may be deposited in a very 
short time, under certain conditions, and thus 
emphasizes the importance of frequently drain- 
ing the main reservoirs, which if not properly 
attended to may not only have their air storage 
capacity greatly depleted by the presence of the 
water, but may in time become so full of it that 
there will be no room left for the deposition of 
additional moisture and consequently the radi- 
ating system will be rendered of no value. 

EXAMPLE 4.—With the same system and 
under the same conditions as those stated in 
Example 3, what is the loss in volumetric effi- 
ciency of the plant when the excess moisture is 
properly trapped in the main reservoirs? 


Solution.—To solve this problem it is merely 
necessary to proceed as follows: Table II. shows 
that, before compression, each pound of pure air 
is mixed with 0.023526 lb. of water vapor and 
that the weight of 1 cu. ft. of the mixture is 
0.072256 1lb., consequently the volume of the 1 
Ib. of air and 0.023526 Ib. of vapor is 


1.023526 
a — == 14.165 cu. ft. 
0.072256 


Now for 100 lbs. gage pressure and 82° tem- 
perature, it was shown in Example 8 that 1 Ib. 
of pure air can hold only 0.002918 lb. of water 
vapor in suspension, each pound of air having 
deposited 0.020608 lb. of water in the main 
reservoir. Also Table II. shows that the weight 
of 1 cu. ft. of pure water vapor at 82°, and at 
the corresponding tension of 1.092 ins. of mer- 
cury, is 0.001661 1lb., consequently by Dalton’s 
law the volume of the mixture consisting of 1 lb. 
of pure air and 0.002918 lb. of saturated water 
vapor (or steam), at 100 lbs. gage pressure is the 
same as that of the saturated steam alone under 
the conditions just mentioned, that is, the vol- 
ume of the mixture is: 


0.002918 


= eu. it. 
0.001661 


(This value may easily be checked by finding 
the pressure in inches of mercury of the 1 lb. 
of pure air when compressed into this volume, 
which when added to 1.092 will give the total 
pressure of the mixture, namely, the absolute 
pressure in inches of mercury corresponding to 
100 lbs. gage pressure.) 

Finally (by Marriotte’s or Boyle’s law), the 
volume of these 1.757 cu. ft. of mixed gas at 
114.6963 lbs. absolute pressure when expanded 
to atmospheric pressure will be, 


114.6963 


14.6963 


consequently the decrease of volume, that is, the 
loss of volumetric efficiency is, 


LIST = 13.712 cu. ft.; 


0.453 
14.165 — 138.712 = 0.4538 cu. ft., or ——— x 100 
14.165 
= 3.2%. (Answer.) 


This example shows clearly that, particularly 
in warm, moist climates, there is a very appre- 
ciable loss in the efficiency of compressors, due 
to the condensation of water vapor. Of course 
this loss is unavoidable in railway work, and is 
far preferable to allowing the moisture to pass 
into the working parts of the system, but in 
stationary work where reheaters are used, this 
cause of decreased efficiency may be obviated, 
and this problem should be of particular interest 
in this connection, as losses due to this cause 
have not been carefully considered heretofore 
and yet may clearly play a very important part 
in the economical operation of compressed air 
plants. 


THE FORT GARRY TERMINAL; A UNION STATION AT 
WINNIPEG, MAN. 
[With two-page Inset.] 
By J. D. MATHESON.* 

The present Winnipeg passenger station of the 
Canadian Northern Ry. is located on Water St. 
just east of Main St., close to the center of the 
city. This station and the adjoining train-shed 
have been entirely outgrown by the rapid in- 
crease of importance of Winnipeg as a traffic 
center. Further east on Water St. is the pres- 
ent freight-shed, SOO ft. long, which is in poor 
condition and is also too small to handle its 
business. The team yard, of 150 cars capacity, 
adjoining the freight-house, has similarly been 
outgrown. It therefore became apparent to the 
officials of the Canadian Northern that in order 


\ 


Railway 


Northern 


Canadian 


=(To Edmonton) 


to handle the present traffic properly and to be 
in a position to make enlargements in the future, 
as business further increases, a wholly new ar- 
rangement of both passenger and freight facili- 
ties would be necessary, on a much larger area 
than now occupied. 

At about this time the Grand Trunk Pacific 
Ry. and the Transcontinental Ry. of Canada 
(now nearing completion and soon to commence 
operation) were making investigations for a 
terminal in Winnipeg. An agreement was finally 
reached between the three roads to join together 
in a union terminal of both passenger station 
and yard and local freight yards and freight- 
houses, to be operated jointly. The design of 
this terminal has now been completed, and con- 
struction began about two weeks ago. It is ex- 
pected that it will be used also by the Great 
Northern R. R., whose passenger trains now 
enter the present Canadian Northern station. 
The new terminal adjoins the site of old Ft. 
Garry, built in 1822 to protect the trading post, 


“*Assistant Engineer, Warren & Wetmore, Architects, 3 
East 32d St., New York City. 


FIG. 1. MAP OF THE CITY OF WINNIPEG. 


which was the beginning of the present city of 
Winnipeg. The name of the fort has therefore 
been applied to the new station. 

An area of about twelve acres a short distance 
southeast of the existing station is now occu 
pied by the engine-houses, car and machine 
shops and storehouses of the Canadian Northern 
Ry. These have recently been replaced by a 
new plant of engine-house and car-shop facili- 
ties at the general railway yards of the com- 
pany, about a mile west of Main St. The va- 
cated area formed the nucleus of an excellent 
terminal site, and the railway companies, with 
creditable foresight, acquired at great cost the 
entire remainder of the property bounded by 
Main St., Water St., and the Red and Assini- 
boine rivers, with the exception of lots front 
ing on Main St. (see the map, Fig. 1). A total 


ew FtGarry ‘ 
\ Terminal 2 “oS 


area of about 70 acres was thus made available 
for terminal purposes. 

This area is at present cut through by Broad- 
way from Main St. to the Broadway bridge over 
the Red River. It was evident that the prop- 
erty could not be developed for railway terminal 
purposes unless the street were closed from 
Main St. to the river. The city was unwilling 
to do this, largely because the street gives ac- 
cess to the recently built Broadway bridge, which 
provides for vehicular and pedestrian traffic be- 
tween Winnipeg and the town of St. Boniface, 
which lies beyond the Red River, and itself is 
rapidly developing into a large and busy town. 
Finally a compromise agreement was reached 
between city and railways to the effect that the 
new passenger station and office building was 
to be located on Main St. opposite Broadway, 
in consideration of the city’s closing Broadway 
thence to the river, and the railway companies 
were to provide street connection between the 
east end of Water St. and the Broadway bridge. 
It had previously been the intention to locate 
the new station at the corner of Main and Water 
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Sts., on practically the same site as the present 
station, which would be somewhat more con- 
because closer to the center of the busi- 
ness district. . 

The design of the 
tails of the 


venient 


general plan and all de- 
terminal was’ entrusted 
to the architectural firm of Warren & Wetmore, 
of New York City. They were instructed that 
they might disregard all existing facilities, in- 
cluding even the river bridges, and make a lay 
out using the total acquired area of property, as 
noted above, for yard, train 
local delivery yards and freight-houses, of maxi- 
mum capacity. The only predetermined fea- 
ture was the location of the building 
opposite Broadway. The plan shown herewith 
as Fig. 2 is the final outcome of their work. 

The Canadian Northern Ry. commenced oper- 
ation in December, 1906, with 100 miles of road. 
It has now 3,800 miles in 
tending its lines rapidly. 


new 


passenger 


shed, 


station 


and is ex- 
Its traffic is increasing 


operation, 


at such a pace that the past records of traffic 
handled were of little use in determining the 
probable future business to be provided for. 


The Grand Trunk Pacific Ry., being an entirely 
new road, mostly through new and undeveloped 
country, and not at present in operation, 
offered no means of determining the requisite 
capacity of necessary facilities to be provided. 
It was at first desired by the railway com- 
panies to have this terminal site provide for 
the passenger coach-yards and engine-houses for 
both yards. After sevéral alternate layouts 
had been made, however, it became evident that 
an ideal layout for the passenger yard and train- 
shed and the local freight delivery yards and 
freight-houses of a capacity which, according 
to careful estimate, would be required in the not 
distant future could be made only by devoting 
the entire area to these purposes. Accordingly 
the Canadian Northern has provided for en- 
gine and coach-yard facilities at its general 
yards, as already noted, in conjunction with its 
car and machine shops and storehouses. The 
Grand Trunk Pacific has likewise provided for 
these facilities at its general yards now under 
construction about three miles east. 
GENERAL PLAN: ALTERNATIVE 
OUTS.—The first layout made contemplated a 
stub-end terminal pass@€nger station, using a 
wye track beyond the Red River at St. Boniface, 
backing all trains across a new bridge over Red 
River and into the station. The train-shed was 
laid out at an angle of about 45° with Main St., 
the local freight-yards and freight-houses be- 
ing between the train-shed and Water St. Using 
the same type of stub-end terminal an alternate 
layout was made having train-shed parallel to 
Main St., with local freight-yard and freight- 
houses likewise parallel to Main St., and reached 
by driveways from Water St. In this case the 
wye would be located directly south of the sta- 


also 


LAY- 


tion building, therefore necessitating bridges 
over both the Red and Assiniboine rivers. The 
use of a wye track located on the St. Boniface 


side necessitated abandoning the present main 
line of the Canadian Northern Ry. for about a 
mile west of Main St., crossing the Red River 
on a new bridge and using an entirely new line 
to a connection with the present main line about 
1% miles east of Main St. 

The advantages of the stub-end type of ter- 


minal were its avoidance of grade crossings of 
streets near the terminal, its suitability to the 
severe winter climate of Winnipezg—since the 


enclosed on three sides— 
and the convenient accessibility to platforms 
direct from concourse by the passengers. They 
were offset, however, by the fact that the dis- 
tance between the wye and the terminal would 
be at least one-half mile, thereby rendering im- 
possible the efficient operation and dispatch of 
trains during busy periods, and making a serious 
increase in the running time of through trains, 
due to the long back-up. These reasons led to the 
adoption of the through station type of ter- 
minal, as shown by the general plan Fig. 2. This 
design unquestionably affords efficient opera- 
tion of both through and local trains. 

With the through station, it was considered 
that the best platform arrangement was the use 


train-shed would be 


of island platforms between successive pairs of 
tracks, reached by stairways from a transverse 
passage below. This would fit well with an ele- 
vated structure, such as was demanded in order 
to cross above Main St., also Water St. 
and the streets northeast of this in the 
approach to the Red River crossing. The 
elevated station trackage would also permit 
of placing the baggage and express rooms 
below the tracks, with direct service to 
the platforms by elevators. This is contem- 
plated in the complete scheme, but for initial 
construction (only about one-half of the layout 
will be built at first, the remainder to be added 
as increased traffic demands it) the express and 
baggage will be handled in the ground floor of 
the south (right-hand) wing of the station. 

The question of a covering over the station 
tracks engaged careful consideration. A large 
single-span train-shed, which would necessarily 
be open at both ends, was not thought advisable, 
as giving no protection in winter. It was 
finally decided to provide for a train-shed of 
the covered canopy type similar to that of the 
Lackawanna’s New York terminal at Hoboken, 
N. J. Such a shed is free from smoke and steam 
and is dry and well lighted, and gives a maxi- 


mum of protection to the passengers. For the 
initial construction it is probable that wooden 
butterfly canopies over the platforms will be 
built. 


PASSENGER STATION.—The station build- 
ing, to be located on Main St. directly opposite 
Broadway as fixed by the agreement with the 
city, was required to provide for all necessary 
passenger facilities, and offices for the railway 
service. In anticipation of large future increase 
in the requirements for offices, it was desired 
to provide for future extension in this respect. 

Since the development of the great territories 
of western Canada will be accomplished mainly 
through immigration, it is to be expected that a 
large immigrant traffic will have to be handled 
at Winnipeg, the natural distributing center. 
Special provisions needed to be made for this 
traffic, and this has been done by separating the 
immigrant facilities from the other passenger 
facilities, assigning them one entire wing of the 
basement floor. 

The station building as designed is an impos- 
ing structure of stone (Figs. 3 and 5), having a 
length of 350 ft. along Main St. and a width of 
140 ft. The height of the larger portion of the 
building will be three stories and basement, with 
an élaborate central portion, having great arched 
windows on all four sides, and surmounted by a 
dome 100 ft. high above street level directly 
opposite the center of Broadway. The main en- 
trance will be off Main St. at the center of build- 
ing beneath a large stone arch. 

The main floor is at the street level. Its plan, as 
finally adopted, for convenience to passengers and 
facility of operation represents the highest type 
of modern passenger station design (Fig. 4). 
The central portion is a rotunda and ticket lobby, 
a circular space 90 ft. in diameter unobstructed 
by columns, seats or booths. The large win- 
dows of the dome, opening respectively to front 
and rear and to interior courts of the wings, 
give this lobby ample light. The waiting room 
is placed to one side, occupying the north wing, 
so that the waiting passengers are separated 
from the streams of moving people passing to or 
from street, trains, ticket-window, baggage- 
counter, ete. The exit to trains is at the back 
of the lobby, directly opposite the entrance door, 
and opens into a subway under the tracks, lead- 
ing to the several stairways to the train plat- 
forms. 

The waiting-room, being in a separate room, 
is thereby freed from confusion and disorder 
and serves the convenience of waiting passengers 
more effectively. It has a floor area of 9,000 
sq. ft. and is set with movable oak benches, giv- 
ing a very large seating capacity. Wash rooms 
adjoin on the east, and a restaurant and lunch- 
room on the west (front of building), the latter 
rooms having also entrances off the street. The 
central part of the waiting-room is covered by 
a 40 x 100 ft. arched skylight, above which is 
the interior court of the north wing. 


A special feature has been made of the con- 
struction of the skylights. They are composed 
of vault-lights in panels, made absolutely water- 
tight, which (in a region of heavy snow-falls 
and extremes of temperature) will prevent the 
annoying leaks and drafts incident to 
Skylights of ordinary construction in 
climate. 

The interior of waiting-room and ticket-lobby 
will have the effect of stone construction 
throughout, the wainscoting being of marble 6 
ft. high, and the floors of terrazzo. This con- 
struction gives not only a very attractive ap- 
pearance to the rooms, but has the advantage of 
being sanitary and readily cleaned. All stair- 
Ways will be of iron with marble treads. 

The entire south wing of the main floor will 
for the present be occupied by baggage and ex- 
press rooms. In the future, when more space 
is required, both the baggage and express will 
occupy space beneath the tracks and platforms 
adjoining rear of building, as already mentioned, 
and the south wing may then be used for ad- 
ditional waiting-room space or for other station 
purposes. A driveway for baggage and express 
wagons is provided at the south end of build- 
ing; it is 3 ft. 6 ins. below the level of the main 
floor, and is reached by a short 5% grade down 
from Main St. The wagons are loaded and un- 
loaded on an 8-ft. platform outside of the build- 
ing wall, which spans the basement areaway 
below. The baggage and express will be handled 
by hand trucks between the building and the 
train platforms, through trucking subways be- 
neath train-sheds, and by electric elevators from 
subways to ,each platform at either end of 
train-shed. 

The basement floor is 15 ft. below the level of 
Main St. The entire south wing of this floor is 
devoted to emigrants. There is an emigrants’ 
waiting-room, having a lunch counter on the 
north side and a laundry and separate men’s and 
women’s bathrooms on the east side, a men’s 
smoking-room and a women’s’ waiting-room, 
each with toilets. The emigrants are conducted 
to and from the waiting-room and trains by 
means of a stairway at rear of building, leading 
direct from basement to passenger subway. A 
separate emigrants’ entrance off Main St. is pro- 
vided leading down from street to basement, 
partly by a stairway and partly by ramp. Emi- 
grants thus are well provided for and can be 
handled to and from both trains and the street 
without coming into contact with other pas- 
sengers. 

In the north wing of basement floor is a 
barber-shop, the kitchen, which supplies the 
restaurant and lunch-rooms directly overhead, 
and the boiler and engine-rooms with the heat- 
ing and ventilating apparatus. There will be 
four heating boilers of 150 HP. each. 

Under the central portion of building, the base- 
ment floor will be used for storage of sleeping 
and dining car supplies, and miscellaneous stor- 
age purposes. The basement is surrounded on 
all four sides by an open areaway 10 ft. wide, 
which supplies light and air to the basement 
rooms. 

The second and third floors will be _ oc- 
cupied entirely by the local and general west- 
ern offices of the railways. These offices are on 
either side of a corridor, the interior row of 
offices in each wing facing on the open court. 
Each floor provides an available office space of 
25,000 sq. ft., exclusive of corridors, stairways, 
elevators and toilets. 

Provision has been made in the design of the 
foundations and the steel structure for the future 
addition of six office floors, so that the building 
will then provide 200,000 sq. ft. of office space. 

The apportionment of space in the station is 
shown in condensed form by the table below: 
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STATION FLOOR AREAS, FORT GARRY THRMINAL. 


Main Floor: Sq. ft 
Baggage and express room................. 18,000 

Basement: 

Emigrants’ waiting-room 10,000 
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Boiler and engine 9,500 


Upper Floors: Offices, 25,000 sq. ft. per floor. 


In these several amounts of space allowed, and 
also in the layout of the passenger tracks, ample 
provision has been made for the probable rapid 
growth of Winnipeg. The architects believe that 
the station as designed will meet all demands 
upon it for many years. In their planning they 
have profited by the experience with the Canadian 
Pacific Ry. station at Winnipeg, which, though 
completed less than three years, has already be- 
come inadequate to handle the traffic presented 
during busy periods. 

The building is so designed that there will be 
no necessity for artificial lighting in any por- 
tion during the day. In the ticket-lobby the 
lamps for the greater part are concealed, and 
in addition there will be a large chandelier con- 
taining 150 lights, suspended above the center 
of lobby. Heat will be supplied by steam, using 
indirect radiation on the main floor, and direct 
on the office floors. 

The structure of the building will be of the 
steel skeleton type. The column loads will be 
supported at the foundations by concrete piles, 
each pile to carry a load of 35 tons. The char- 
acter of the soil at the site is the blue clay com- 
mon to Winnipeg, the supporting power of which 
cannot be relied upon to sustain a greater load 
than 3,000 lbs. per sq. ft. The use of concrete 
piles is necessary owing to the fact that the 
piles will be between the ‘thigh and low-water 
lines of the Assiniboine River, which is about 
1000 ft. from the building. The stone used in 
the construction of the facades will be either 
Indiana limestone or the native ‘‘Tyndall’’ stone, 
of Southern Manitoba. 

PASSENGER YARD.—The track layout for 
both the passenger and freight-yards, as shown 
on the plan, Fig. 2, was developed after much 
study by ,the officials and engineers of both 
railway companies, in cooperation with the archi- 


tects. The plan shows the maximum develop- 
ment, the passenger tracks comprising eight 
through passenger tracks with platforms, and 


two separate open running tracks at rear for 
through freight trains. The platforms are 20 
ft. wide and can be made 1,650 ft. in length. 
By means of this great length and by the use 
of double cross-overs, as shown, each track is 
capable of handling two trains of eleven cars 
each during periods of heavy traffic. The total 
capacity of the platforms will be 200 70-ft. cars. 
The platforms will be of reinforced concrete, 
with surface 12 ins. above base of rail. Be- 
tween each pair of tracks there will be three 
lines of pipe, for water, steam and gas. 

Passengers going to trains pass from the 
ticket-lobby into a subway 50 ft. wide, with 
headroom of 10 ft., having 7-ft. stairways on 
either side leading up to each platform. This 
subway is so arranged by means of railings and 
gates that there will be no interference between 
passengers going to and coming from trains. 
The subway will be heated in winter from the 
building. The elevation of tracks over the sub- 
way will be 10 ft. above level of main floor of 
station; a slight incline down from the rear of 
ticket-lobby to floor of subway allows a clear 
headroom of 10 ft. The future baggage and ex- 
press sheds under the tracks will have a clear 
headroom of 10 ft. They will be approached 
from a 50-ft. driveway 3 ft. 6 ins. below floor 
of shed with a 4% grade down from Main St. 
south of the station building. 

FREIGHT SHEDS AND YARD.—The problem 
of obtaining a layout for local freight delivery 
yard and freight sheds giving sufficiently large 
team track capacity, long freight sheds, equal 
facilities for each road, and allowing greatest 
accessibility for teaming, while at the same time 
suited to be properly worked by switching, was 
complicated by the peculiar shape and condi- 
tions of the ground layout, and by the fact that 
the throat of the yard had to be located on a 
bridge across the Assiniboine River. The lay- 
out adopted, Fig. 2, gives the greatest car ca- 
pacity, as well as the greatest facility of opera- 


tion and access to team hauling, of several ten- 
tative layouts which were drawn and studied. 

The team yard contains 42 tracks, with a total 
capacity of S830 40-ft. freight cars. The switch- 
ing leads to this yard are divided by cross-overs 
into three separate portions each controlling 13 
tracks, so that three switching engines may be 
worked at the same time. The usual length of 
team tracks is SOO ft., with a capacity of 20 cars 
each. Adjacent pairs of team tracks are on 12- 
ft. centers; opposite tracks are 40 ft. on centers 
across the driveways. 

The team driveways will be of stone block con- 
struction on a 6-in. conerete This con- 
struction is made necessary by the treacherous 
character of the clay soil, which, when wet, will 
heave and swell, causing an ordinary light pave- 
ment to break and disintegrate. The 
ways are 30 ft. wide between curbs. Tapping 
the ends of these driveways is a paved avenue 
from 60 to 70 ft. wide, running the full length 
of the yard. The surface drainage from all the 
driveways will be by means of gutters along 
each side of each driveway, ending at catch- 
basins located at the ends of the driveways on 
the east side of the wide avenue, which catch- 
basins discharge into a line of vitrified tile pipe 
discharging into the’ Assiniboine River. 
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used for feed and harness storage. A cartage 
company warehouse of brick construction will 
also be provided for the storage of freight not 


claimed by consignee within a reasonable length 
of time. 

APPROACHES TO PASSENGER TER- 
MINAL.—The west approach will start from the 
present main track on the north bank of the 
Red River about 2,000 ft. west of Main St., and 
ascending on an earth embankment at maximum 
ruling gradient of 0.4% will pass over Main St. 
double-track plate-girder bridge, allowing 
an underclearance of 14 ft. for the street roadway. 
It will then cross the Assiniboine River on a new 
double-track steel truss bridge 400 ft. in length, 
one span of which will be a 
required by the Government. The east approach 
starts from the present main line, near the St. 
Boniface Station, and rises on an earth embank- 


on a 


Swing-bridge, as 


ment, with the ruling 0.4% gradient, to the Red 
The freight sheds comprise two equal sets of River, which it crosses on a new double-track 
inbound and outbound sheds, one set for each steel truss bridge 900 ft. in length, containing 
road. The outbound sheds are 40 ft. wide and one draw-span, as required by the Government. 
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FIG. 5. PERSPECTIVE VIEW OF FORT GARRY TERMINAL STATION AND PART OF PASSENGER 


1,000 ft. long, each served by four tracks. The 
inbound sheds are 60 ft. wide and 900 ft. long, 
each served by two tracks. Between these in- 
bound and outbound tracks is a 10-ft. transfer 
trucking platform. Each road will therefore 
have a freight-shed track capacity of 144 40-ft. 
cars. The freight-sheds will be one story high; 
they will consist of steel columns and roof 
trusses, roofed with tin, and have sliding doors 
on both the track and team with wire- 
glass transoms above. The will be of 
wood laid on a compacted cinder fill. At the 
west ends of the freight sheds, in the second 
story, are the freight offices, with 15,000 sq. ft. 
of space for each road. A bridge 40 ft. wide at 
the level of these office floors will span the six 
intermediate tracks and connect the outbound 
and inbound sheds. The freight agent’s office 
will be located on this bridge, where he can view 
the loading and unloading of cars. 

The switching leads to the freight-sheds are 
of such length that the tracks may be switched 
without the switch engine having to cross the 
bridge at throat of yard. The supporting yard 
has a total capacity of 385 cars. This yard is 
for the reception and storage of arriving trains 
of loaded cars to be switched into the team- 
yard and for- departing trains of empty cars 
which have been switched out from the team 
tracks. 

The sharpest curves used in the freight-yard 
are 14°, radius 410 ft. The frogs used are 
mostly No. 7, with No. 10 for main track con- 
nections and main cross-overs. The track con- 
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It then crosses on steel plate-girder bridges the 
Winnipeg Transfer Railway, Mill St., Notre 
Mame Ave. and Water St. Each of the street 
roadways will have at least 14 ft. clear head- 
room. The profile will be practically level from 
the Red River Bridge to the Assiniboine River 
Bridge. 

At each end of the passenger yard there will 
be a signal tower from which all signals, switches 
and cross-overs will be controlled, with electro- 
pneumatic interlocking. All track work will be 


of first-class construction, with SO-lb. rails and 
gravel ballast. 
While the Government requires all bridges 


across either the Red or Assiuiboine Rivers to 
contain draw-spans, these rivers are not navi- 
gable at the present time for any but small 
boats, and the draw-spans are open only a very 
few times in the course of a year. 
APPROACHES TO FREIGHT-YARD.—The 
present main track crosses the Assiniboine River 
on a wooden drawbridge, which will be replaced 
in the new scheme by a steel four-track rolling- 
lift bridge of two leaves. The Red River is 
crossed by the present main track on a 
paratively new steel truss bridge, the shore 
span of which is shown by the plan near the 
end of Water St. This bridge will be maintained 
for the proposed new layout and used mostly by 
the Grand Trunk Pacific for local freight run- 
ning between this terminal and its general 
rreight-yard. The adjacent shore span will need 
to be reconstructed to meet the change in aline- 
ment of running track, as shown. The west 
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appreach to freight-yard will use the same line 
and be at the same level as the present main 


track. The length of all switching leads for 
each part of the freight-yards is such that no 
switching whatever will be done across Main St. 
The only traffic across this street will be that 
of trains of local freight between this terminal 
and the Canadian Northern general freight- 
yards All the through freight trains for both 
roads will be run on the two open running 
tracks back of the passenger platform tracks. 
At the north end of the new Assiniboine River 


Bridge there will be located a signal tower, from 
which will be controlled, by electro-pneumatic 
interlocking, all the signals, switches and cross- 
overs of the tracks entering the bridge. 

A connection will be maintained with the 
present Winnipeg Transfer Ry. track, along which 
are located numerous industrial sidings, and 
over which cars for transfer with the Canadian 
Pacific Railway are handled. This connection 
will pass beneath the east approach near Lom- 
bard Ave. 

The railway officials who cooperated for the 
construction of these joint terminals are: Mr. 
William Mackenzie, President, Mr. D. D. Mann. 
Vice-President, and Mr. M. H. McLeod, General 
Manager, of the Canadian Northern Ry.; ana 
Mr. Charles F. Hays, President, Mr. Frank W. 
Morse, Vice-President and General Manager, 
and Mr. D. B. Kelliher, Chief Engineer, of the 
Grand Trunk Pacific Ry.; and the Commission- 
ers of the National Transcontinental Ry., Hon. 
S. N. Parent, Chairman. 

The station building and track layout of both 
passenger and freight-yards were designed by 
Messrs. Warren & Wetmore, 3 East 33d St., New 
York City; who will also supervise the entire 
construction. Mr. A. R. Whaley, Manager Grand 
Central Terminal, New York Central & Hudson 
R. R., was consulted by the architects and gave 
valuable advice regarding the operating features 
of the passenger and freight-yards. 

The contract for the construction of the station 
building has been let to Peter Lyall & Sons, of 
Montreal and Winnipeg. Active work on tne 
contract is now in progress, under the writer’s 
superintendence. 


QUENCHING COKE WITHOUT WATER. 


A process of quenching coke when drawn from 
the oven without the use of water has been re- 
cently patented. The advantage claimed for the 
process is the production of a very much harder 
coke which can bear a greater burden in the 
blast furnace without crushing. It is also 
claimed that good coke can be produced from 
many non-coking coals by the aid of this process. 
Further, the coke produced is absolutely dry, 
while ordinary coke contains often as high as 
10 to 12% of moisture. Very likely the coke pro- 
duced by the dry process would gradually absorb 
moisture from the air; but it would never be- 
come over saturated as ordinary coke often is. 

The process referred to is the invention of Mr. 
Chas. E. Arnold and is covered by U. S. patent 
No. 842,747. As described, the incandescent coke, 
as soon as removed from the oven is transferred 
to a cooling chamber from which air is excluded, 
and the small amount of air admitted with the 
coke soon has its oxygen used up. A current of 
cold inert gas—nitrogen and carbonic dioxide— 
is then forced into the coke chamber, takes up 
heat from the incandescent coke and as it passes 
out goes over cooling coils in which water is 
After cooling, the gas is again forced 
into the chamber and the cycle continues until 
the coke is cooled below the ignition point, when 
it can be removed to the open air. If desired the 
heat taken up by the circulating water in the 
cooling coils can be utilized. We are informed 
that tests on a small scale have shown the pro- 
cess to be practicable and to produce a coke much 
superior to that quenched in the ordinary way. 


circulated. 


IRRIGATION WORKS IN MEXICO are to be stimu- 
lated by a Government appropriation of $25,000,000, 
which was finally ratified on June 5. The money is to 
be given as subsidies to private irrigation companies. 


TEST OF AN AIR-LIFT PUMPING PLANT AND EXPERI- 
MENTAL STUDIES OF AIR-LIFT PUMPS. 


Two series of tests on air-lift pumps, whose 
results have recently come to our knowledge, 
give interesting information in a field where 
the previously published data on performance 
and possibilities are extremely scanty. 

TESTS OF AIR-LIFT PUMPING PLANT AT 
ATLANTIC CITY. 

The water-supply system of Atlantic 
N. J., was supplemented a few years ago by 
ten wells. Air-lift pumping equipment was put 
in, on the basis of competitive bids which made 
this appear the cheapest to instal. The ac- 
ceptance and the contract price were condi- 
tioned on capacity and duty tests of the system, 
and a full series of such tests was made when 
the installation was completed. The results 
showed a satisfactory duty, ranging roughly 
from 20,000,000 to 25,000,000 ft. Ibs. work per 
1,000 Ibs. dry steam. 

The following is a brief general description of 
the plant and the tests, from data given in a 
paper read recently before the Engineers’ Club 
of Baltimore by Mr. Kenneth Allen, former En- 
gineer of the Water Department of Atlantic 
City. The wells were put in to supplement the 
Avsecon Creek supply of Atlantic City, intro- 
duced by R. D. Wood & Co. in 1882. In 1895, 
after the city took over the works, a 10-in. and 
a 4%-in. self-flowing well were put down, and 
by a 1,000,000 gal. Worthington pump these 
yielded a maximum supply of 840,000 gals. per 
day. In 1903 ten more wells were sunk, and 
these, with the earlier two, were equipped with 
air-lift. Since then, Mr. L. Van Gilder, Engi- 
neer of the Water Department, has sunk two 
more wells, and it is thought that ultimately 
the well supply will entirely supplant the highly 
colored Absecon Creek supply. The tests in 
question were made in the summer of 1904, and 


City, 


cover the first twelve wells. 
These wells are generally 10 ins. in diameter 
and averaged 101 ft. deep; they were spaced 


125 ft. apart. 
The _ wells 
ramming, 
deep 


One well was only 48 ft. deep. 
were jetted down, with little hard 
penetrating black soil and extending 
into a rather fine sand interspersed with 
some beds of clay and gravel. The first two 
wells sunk were fitted with 20 ft. of Cook 
strainer at the bottom, but in the others 20 
ft. of common gauze strainer was added above 
the Cook strainer. The cost of the ten wells 
was $1,142, and the cost of a line of vitrified 
discharge main, 6-ins. to 18-ins., was $2,606.70. 


_The pipes discharged into a concrete weir cham- 


ber built by the city; in this chamber was a 
thin-edged brass weir, hook-gage, etc., for meas- 
uring the pumpage. 

The types of pumping equipment considered 
were, besides the air-lift plant, (1) a centrifugal 
pump driven py an impulse wheel actuated by 
water piped from the force-main, and (2) a 
centrifugal pump driven by electric motor, with 
feed line and generator. In both cases a deep 
suction main from the wells to a pump basin 
near the station would be required, and the 
cost of this promised to be so great, on account 
of the depth and the saturated character of the 
soft soil, that the air-lift plant was the most 
economical. The Pneumatic Engineering Co., 
of New York City, contracted for the machinery 
and pumping appliances complete. 

This comprised a Rand duplex flywheel com- 
pressor, having 10-in. and 16-in. cross-compound 
steam cylinders of 12-in. stroke, 13 x 12-in air cyl- 
inders, Corliss inlet valves and peppet discharge 
valves, designed for 3,000,000 gallons per day ona 
lift of 30 ft., with steam at 80 lbs.; a compressor of 
the same type, with 1l-in. and 18-in. x 14-in. 
stroke steam end and 16 x 14-in. air end, 
having Meyer adjustable valves on the steam 
cylinders; a Wainwright surface condenser; a 
Deane combined wet vacuum and circulating 
pump, with 5% x T-in. steam end and 6 x 7-in. 
pumps; an air receiver 28 ins. x 8 ft.; and gal- 
vanized piping to the wells, with valves. A 
capacity of 4,000,000 gallons per day was de- 
sired, and the smaller compressor was to be in 
reserve. The contract price for the pumping 


equipment complete was $8,250 plus an addition at 
the rate of $2,645 per million gallons by waich the 
capacity should exceed 3,000,000 gallons per day, 
on test, no excess over 4,000,000 gallons being 
paid for. A bonus for high duty was also pro- 
vided, as noted below. 

The tests comprised a test for capacity and 
two tests for duty. In the test for capacity, 11 
of ‘the 12 wells were pumped. In this test, 
according to the contract, the plant was run 
full for six days, using the larger compressor 
only, and on the sixth day the total water de- 
livered ‘“‘with a mean lift of not over 40 ft.,” 
and the water level in the wells, were observed 
for six hours, this delivery being taken as 
representing the rated capacity of the plant. 
The lift was measured as the difference in level 
between the water surface and the top of cas- 
ing. An ingenious arrangement for measuring 
the height of the water surface was employed: 
A %\%-in. pipe was inserted in the annular space 
between casing and discharge pipe. The air 
supply was connected to the top of the small 
pipe, which blew out the water. The air then 
being shut off, a gage on the pipe indicated the 
air-pressure remaining, which was equal to the 
submergence of the small pipe. The length of 
this pipe being known, the elevation of the 
water surface was readily determined. 

The tests for duty were made at full rated 
capacity (using the large compressor and 11 
wells) and at about two-thirds rated capacity 
(in which only 8 wells were pumped). The con- 
tract stipulated that the duty was to be com- 
puted by adding 7/10 the duty at full capacity 
and 3/10 the duty at two-thirds capacity. A 
bonus and reduction of about 5% of the contract 
price was provided for each million foot-pounds 
by which this duty exceeded or fell short of 
22,500,000. 

The capacity test, with steam-pressure aver- 
aging 97.8 lbs., vacuum 21.56 ins., and air-pres- 
sure 31.56 ins., gave a capacity of 3,705,600 gal- 
lons per 24 hrs., with a mean lift of 28:70 ft. 

The test for duty at full capacity was made 
with average steam pressure 100 Ibs., vacuum 
24 ins., air-pressure 31 lbs., and compressor run- 
ning at 130 r. p. m. It showed a discharge at 
the rate of 3,544,900 gals. per day with mean 
lift of 26.88 ft., and required 9,990 lbs. steam in 
6 hrs., of which about 10% was used by the 
vacuum pump. The duty is 19,923,663 ft.-lbs. 

The test for duty at two-thirds rated capacity 
was made with steam pressure of 100 Ibs., 25 
ins. vacuum, air-pressure 26 lbs., and compres- 
sor running at 78 r. p. m. The lift averaged 
25.43 ft., the rate of delivery per day 2,642,870 
gallons, and the steam consumption 5,800 Ibs., 
of which the vacuum pump used some 15%. The 
duty was 24,206,950 ft.-lbs. per 1,000 lbs. steam. 

The resultant duty, calculated as_ specified, 
was found to be 21,208,650 ft.-lbs. However, as 
the vacuum pump, a combined circulating and 
vacuum pump, had been used with water end 
disconnected, it was considered that its steam 
consumption was greater than properly charge- 
able to the vacuum service. A special test was 
made to determine the error from this source. 
By running the pump first in combined service, 
and then successively as vacuum pump only and 
as circulating pump only, under. conditions 
similar to those of the duty tests, an estimate 
was obtained of the proportion of steam con- 
sumption in combined service that would 
properly be chargeable to the vacuum pumping. 
Using this amount in place of the actual con- 
densation from the vacuum pump, the total steam 
consumed was decreased by 4 to 7%. The duties 
calculated on the corrected basis were: Full ca- 
pacity, 20,732,900 ft.-lbs.; two-thirds capacity, 
26,346,450 ft.-lbs.; combined, 22,417,000 ft.-lbs. 

It is worth remark that the lower delivery in 
the two-thirds capacity test was accompanied by 
reduced discharge from the individual wells, and 
under these circumstances, it appears, the duty 
is more than 25% higher than when the wells 
were forced to the deliveries attained in the full- 
capacity test. 

Mr. Allen says, in his paper: 


Data on the duty of air-lift plants based on carefully 
conducted tests are difficult to find. p to the present 


time most of the reliable information of the kind is in 
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the hands of the several companies or firms which make 
a specialty of such work, but conversation with some of 
their representatives leads one to the belief that the sub- 
ject has not yet been brought down to a scientific basis. 
Extraordinary claims are made of the efficiency result- 
ing from certain patented foot-pieces or jets, etc., but 
experiments carried on ‘by the contractors on the piping 
of these wells and on various foot-pieces at other wells 
owned by the department indicate that while the best re- 
sults depend largely on the percentage of submersioa, 
diameters of air-pipes and a form of jet that will dis- 
charge the air so as to form a multitude of fine bubbles 
instead ef a few large ones, there is no great gain to 
be found in any special device. 

With a plant of the nature and size of this one, 22,- 
500,000 ft.-lbs. probably represents about as high a de- 
gree of economy as can be expected, although under more 
favorable conditions, with higher pressures and larger 
volumes, it is quite possible that 30,000,000 or even 35,- 
100,000 might be reached. 


The air-lift equipment of the wells is stated 
by the Pneumatic Engineering Co. to be as fol- 
lows: 


Diameters, Inc hes Sub- 
Well Max. Lift mergence. 

No. Well. Discharge Air. c ft. 
1 10 4 1 33 44 

3 10 aA 14 26 40.8 
4 10 41. 1 28 47 
ny 1) 4% 1 28 47 
6 10 4% 1% 26 49 
7 10 4, 1 30 45 
s Ww 4% 1% 28 45 

9 10 4 1 Be 44.2 
10 1 4 1 40 37 
11 4 40 *30 
12 41, 4% 1 nee ar 


[*Discharge pipe 20 ft. below inlet.] 

Note.—These wells have outside air-pipes except Nos. 
11 and 12, which have inside air-pipes. No. 12 is 
pumped in the casing direct. 

Tne two wells sunk subsequent to the above 
tests use the casing itself as discharge pipe. 
They have the following dimensions: 

Well nae Diameter, Ins. 

No. Ww 


ell. Air-pipe. Strainer. 
3 198 6 1%, 40 ft. Coarse Cook. 
13 96 10 2% 30 ft. Cook; 20-ft. 
gauze 45 ft. below. 
surface. 


These wells, like the others, are pumped with 
33 Ibs. pressure, and have similar depths of 
submergence. The delivery of the 13 wells now 
equipped reacnes about 5,450,000 gallons per 24 
hrs. 

EXPERIMENTAL STUDY OF AIR-LIFTS 

The questions of the interre'ation of depth of 
air-pipe, lift, size of discharge pipe, etc., were 
studied recently in an extensive series of ex- 
periments by the Westinghouse Air Brake Co. 
The experiments were all made in a 6-in. well, 
174 ft. deep, near the 
company’s plant at 
Wilmerding, Pa. The 
water-level in this 
well is normally 16 
to 20 ft. below 
ground surface. The eo 
results and conclu- 
sions of the tests are 
stated in general 
terms in a circular 
prepared by the 
company, but no 
numerical data or 
eurves showing the 
variation of dis- 
charge, air-con 
sumption, ete., with "4 
changes of the sev- 4 
eral factors, are 
given, and on inquiry 
the company states 
that it is not pre- a i Jam Nut 
pared to give out | 
such data at the 
present time. Only 

description of the 
method experi- \ir Separator 


menting and Fig 4, Foot-Piece and 
Statement of Head-Piece Used in West- 
general nature © inghouse Air Brake Co.’s 


the results cam t itt Experiments. 
therefore be given. 


To provide for varying the lift, the following 
arrangement was used: An oil-well derrick was 
built over the well, with platforms at different 
heights. The discharge-pipe was run vertically 
from tne well to some one of these platforms, 
and here the air-separator head, shown by Fig. 
1 herewith, was mounted on the pipe. The base 
of the separator defined the height of discharge. 
In operation the air liberated from the dis- 
charge passed up into this separator and out to 
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atmosphere by a 2-in. pipe, while the water 
flowed down through a 3-in. pipe to a three-way 
cock which directed it into either one of two 
weighing tanks set in a_ shelter 
around the well head. 

The well was used only with separate dis- 
charge pipe, i. e., no tests were made using the 
well-casing itself as discharge pipe, because the 
well was of insufficient capacity for this. Dif- 
ferent sizes of discharge pipe were used, “from 
the smallest practicable 
to the largest possible, ‘el 
considering the capacity 
of the well.” The air- 
pipes were in all cases 
outside the discharge 
pipe. To save space in 
the well, several small 
air-pipes were used _ in- 
stead of one larger one, 
and this permitted vary- 
ing the effective size of 


cabin built 


air-pipe by simply clos~ ; | Weig 
ap | lank 


ing one or more of the 
pipes. 

The foot-piece had the 
form shown in Fig. 1. 
The air-pipes and a 14- 


rae 


charge pipe, are practically constant for al) 
lifts, provided the ratio of lift to submergence 
is maintained constant. 

2. With a discharge-pipe of given diameter, 
the delivery decreases and the air-consumption 
per gallon increases as the ratio of lift to sub- 
mergence increases. 

3. With a fixed ratio of lift to submergence, 
the air-consumption per gallon decreases as the 
size of discharge-pipe increases. 
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in. gage-pipe, which by 
a gage at the top meas- 
ured the pressure of the 
air at entry into the well, 
were screwed into the 
top of the lateral cham- 
ber, while the discharge- 
pipe itself screwed into 
the top of the main body. fig 9. 
Generally the discharge- 

pipe was _ prolonged 
downward below the air-inlet casting to form 
a tail-piece, in order to prevent loss by air 
blowing out of the bottom of the foot-piece. 

The air supply was obtained from a 1-in. con- 
nection to the 140—160-lb. air system of the 
Westinghouse Air Brake shops. The arrange- 
ment of piping, reservoirs, ete., is shown dia- 
grammatically in Fig. 2. Two air storage reser- 
voirs, 30% x 84 ins., received air from the sup- 
ply through a three-way cock, so that only one 
tank could be charged at a time. At the other 
end of these tanks, connection was made througa 
a similar three-way cock to the line to the well. 
In this line was placed a 14 x 3838-in. equalizing 
reservoir, a globe-valve and a cut-off cock, the 
globe-valve being used to regulate the air- 
pressure delivered to the well, which of course 
was always less than the supply pressure and 
had to be held constant. Tank No. 2 was used 
for measuring the air in the tests, and Tank No. 
1 for starting the pumping operation. The vol- 
umes of the tanks and the piping was obtained 
by water measurements. <A _ special test gage 
was attached to Tank No. 2, by which the pres- 
sure in the tank was read at the beginning and 
the end of each test, taking care to let the tank 
assume normal temperature before reading the 
gage. The air-supply pipe being closed during 
a test, the volume of air delivered to the well 
could be computed from the known volume and 
the initial and final pressures. 

The height of the water surface in the well 
was measured by a float consisting of a small 
closed tin tube, about 4% ft. long, weighted at 
the lower end to float upright, and pointed at 
both ends for easy introduction into and with- 
drawal from the well. A cord attached to the 
top of the float, with: markers attached every 
4 ft., enabled the depth to water level to be read 
conveniently at all times. The lengths of the 
piping being known, two important quantities 
could be found: (1) the lift, or the height from 
water surface to top of discharge-pipe, and (2) 
the submergence, or depth from water surface 
to air inlet. 

The series of tests, it is said, comprised nearly 
1,800 different experiments covering nearly 400 
different combinations of discharge pipe diame- 
ter, lift and submergence. The following is a 
general statement of what these tests showed: 

1. The rate of delivery of water, and the air- 
consumption per gallon, with fixed size of dis- 
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ARRANGEMENT OF MEASURING TANKS AND PIPING IN AIR- 


LIFT EXPERIMENTS. 


4. The least air-pressure that will give contin- 
ucus flow is the proper pressure to use. A 
slightly lower pressure gives intermittent deliv- 
ery, and the amount delivered is much de- 
creased, though the air-consumption per gallon 
is slightly lower than with continuous flow. 
With pressure higher than just enough to give 
continuous flow, the delivery is increased some- 
what, but the air-consumption per gallon deliv- 
ered is increased in greater ratio; and with fur- 
ther increase in air-pressure a point of maxi- 
mum delivery is reached, beyond which the de- 
livery is decreased in amount. The sound of the 
discharge is a reliable guide to proper regulation 
of the air-supply. 

5. It appears from (2) that by increasing the 
submergence, i. e., locating the foot-piece deeper 
down in the water, for a given lift, the air-con- 
sumption is progressively reduced. But as the 
required air-pressure is increased with the 
greater depth, a cubic foot of air represents 
greater power. A curve representing the varia- 
tion of horsepower required per gallon of water 
delivered, with depth varying, shows that the 
power first decreases with increasing depth, 
then reaches a minimum and thence increases. 
The ratio of lift to submergence at this mini- 
mum point may be called the 
ratio.” 


“economical 


6. For a given size of discharge-pipe the eco- 
nomical ratio decreases as the lift increases; j. 
e., the submergence should be increased in 
greater ratio than the lift. For a given lift, 
the economical ratio increases (submergence de- 
creases) as the size of discharge-pipe increases. 

7. A tail-piece, or projection of the discharge- 
pipe be!ow the air-inlet, is essential in starting, 
as it tends to prevent the air from backing down 
into the well and rising in the casing outside the 
discharge-pipe. 

8. Anything in the shape of a jet or pipe intro 
duced into the discharge-pipe to serve as 
inlet has no value, and is, in fact, 


air- 
detrimental 
by forming an obstacle to the free passage of 
water. The fitting used as air-inlet as shown in 
Fig. 1 was particularly well adapted to its pur- 
pose, and nad the further advantage of making it 
possible to install the air-pipe very close to the 
discharge-pipe. 

9. The size of air-pipe is determined only by 
considerations of friction-loss required to force 
the air through the pipe, 
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10. In starting the pumping, the air should be 
admitted slowly. Pumping will not commence im- 
mediately, but after several seconds, perhaps even 
a minute, water will come with a rush. This is 
followed by a lull, after which tne operation be- 
comes more uniform. The valve can then be 
opened until continuous flow is obtained. 

The last given information was derived from 
observation of a glass model of a deep well, made 
for exhibition purposes. This model showed also 
that the layers of water, which rise in the dis- 
charge-pipe under the impulsion of the layers or 
bubbles of air, lose water by a slipping back 
which goes on along the sides of the pipe, water 
slipping in this way from each layer past the 
intervening air to the next. Any change in diam- 
eter of pipe, as at couplings or joints, increases 
the slip, and obstructions or sharp bends simi- 
larly add to the loss. 

The bodies of air in the discharge-pipe, it was 
observed, are not clear, but are filled wita bubbles 
and foam, whereas the bodies of water are clear 
or distinct. Whether this observation applies to 
all rates of delivery, all sizes of discharge-pipe, 
ete., is not known. 


PROGRESS OF EXCAVATION ON THE PANAMA CANAL. 


In our issue of Feb. 13, 1908, p. 170, we pub- 
lished a statement of the Isthmian Canal Com 
mission showing the progress of excavation on 
the Panama Canal up to Feb. 1, 1908S. With the 
article there was included a diagram, similar to 
those shown herewith, which illustrated the 
proportion of the work done to the estimated 
total necessary excavation of 124,334,856 cu. yds. 
At that time there had been excavated 25,467,859 
cu. yds.; since then the recently adopted plan 
changing the location of the locks at La Boca 
to Miraflores and constructing a sea-level chan- 
nel between those points, aas added about 1S,- 
UOWO.000 cu. yds. to the total estimated excava- 
tion, making the total required to be excavated 
from May 1, 1904, 142,000,000 cu. yds. 

The Isthmian Canal Commission has issued a 
new statement of the progress of the work which 
changes slightly some of the detailed figures 
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Fig. 1. Progress of Excavation on the Panama Canal! 
under the United States, as compared with 


total excavation required. 


given in our previous summary and also differs 
in some cases from the monthly reports which 
tae Commission has been issuing. These dis- 
erepancies in amounts are not large enough to 
affect results, but will explain the lack of exact 
agreement between this and previous statements. 
Up to Jan. 1, 1908, the total excavation under 
American occupation was 22,756,486 cu. yds., or 
16.0% of the total; during the first five months 
of 1908 the excavation was 15,124,045 cu. yds., 
bringing the total on June 1, 1908, up to 37,SS80, 
nol cu. yds., or 26.65% of the total. These latter 


items are tabulated as shown in the table at the 
bottom of the page. 

In the accompanying figures are shown 
graphical representations of the stage of exca- 
vation progress. Fig. 1 snows the relation of the 
American yearly and monthly excavation to the 
total anticipated American excavation, 142,000,- 


to May | 1904 


40,200,196 Cu. Yals 


Fren OK OL C Yds. 


Fig. 2. Diagram Showing Relation of French and 
American Excavation on Panama Canal to 
Total Estimated Amount. 


GOO cu. yds. Fig. 2 takes into account the 
40200196 cu. yds. French excavation. Adding 
this amount to the estimated American total, a 
total of 182,000,000 cu. yds. will be required to 
be excavated, figuring from the beginning of the 
work until its completion. Of this amount the 
French did 22%, the Americans have already 


done 21%, and there remains to be done 57%. 


TUNNEL BREAKAGE, OUTSIDE OF PRESCRIBED CROSS- 
SECTION; CLINCH VALLEY DIVISION, NORFOLK & 
WESTERN RAILROAD. 

By EMILE LOW,* M. Am. Soc. C. E. 

In Engineering News for April 30, 1908, there 
appeared an article on the ‘Section Overbreak- 
age in Gunnison Tunnel, Colorado,’ which is of 
more than passing interest. Outside of some 
articles published in Engineering News (June 9, 
S92, p. 574, April 19, 1900, p. 257) by the writer, 
on this subject, he knows of no other published 
data. 

The usual practice is not to pay for any tunnel 
excavation outside of the prescribed cross-sec- 
tion; in fact, many specifications state so in so 
many words. Others leave a loophole covered 
by the clause “slips or falls will be paid for 
when not caused by the fault of the contractor.” 
This throws the decision on the engineer and he 
may not always give a satisfactory one. 

In order to add to the literature of the sub- 
ject, the writer has been to some trouble to col- 
late some information regarding tunnel break- 
age on the Clinch Valley Division of the Norfolk 
& Western Railroad. |See Eng. News, June 9, 
i802, for a description of tunnel work on this 
line, by Mr. Low.—Ed.] There are ten tunnels 
(all single track) on the line of this railroad, 
ranging in length from 155 to 1,925 ft. and with 
a total length of 9,105 ft. 

Tunnels 1, 2 and 3 and also the Honaker tun- 
nel are driven through limestone, the remainder 
through shale and sandstone, small coal veins 
intervening in some of them, especially in Big 
Bull tunnel. 

The price to be paid for a cubic yard of ex- 
cavation was fixed by the railroad company at 
$3.25 for tunnels less than 1,000 ft. long and 
$3.50 for tunnels over that length. At the time 
of letting the contracts, it was believed that no 
timbering would be necessary, but upon driving 


*606 Ashland Avenue, Buffalo, N. Y. 


Culebra divis- At other By steam Dredging 

ion by steam points by shovel in Dredging 

shovel from steam shovel outside canal outside 

canal prism. from prism. prism. prism. prism. Total. 

1908. 

January 433,052 904,653 46,298 
February 480,729 1,065,406 25,835 
March 689,169 3 
April 696,589 3,28 
May 501,219 2,703,923 


the tunnels it was found that this protection was 
needed in some. 

In the region traversed by this railroad, namely 
Southwestern Virginia, the formations are 
badly faulted, strata 2,000 ft. apart geologically 
being found in close contact. This faulting gives 
rise to abnormal cleavage, with segregation of 
clay bands to an extent not found under other 
circumstances. On account of the geological 
structure, landslides are of frequent occurrence. 
Fig. 1, which is a photograph of the west portal 
of No. 1 tunnel, shows the inclination of the 
strata very plainly. 

The inclination at the east portal of the Hon- 
aker tunnel is still steeper, being not far from 
45 deg. 

The formation at these tunnels is limestone 
rock. Referring now to the accompanying table, 
which gives the details of all the tunnels, we 
note that the breakage of Nos. 1, 2, 3 and Hon- 
aker tunnels, ranges from 16 to 24%, the average 
for the four being 21%. The breakage is wholly 
caused by the inclination of the strata, and is 
shown graphically by Fig. 2. which is a cross-sec- 
tion of one of the tunnels. The cross-section 
shown is for a tunnel on a tangent. Where the 
alinement is on a curve the cross-section is some 
what larger. 

Kiser tunnel is driven through a shale rock, 
and the excessive breakage (44%) was caused 
by large falls from the roof, near the east 
portal. At Creagan tunnel the percentage of 
breakage is also above the average, being 34%. 
The material in this tunnel is slate at the east 
end and sandstone at the west end. 

At Big Bull tunnel the material driven through 
is slate rock, with the exception of a short dis- 
tance at the east end, where the material is clay. 
In driving this tunnel several seams of coal were 
encountered. The breakage here is 23%, due 
mainly to falls. Little Bull tunnel adjoins Big 
Bull and the conditions are almost identical. 

The material encountered in Holbrook tunnel 
is slate at the east end and sandstone at the 


Fig. 1. West Portal, Tunnel No. 1, Clinch Valley 
Division, Norfolk & Western R. R., Showing 
Inclination of Strata. 


west end. The slate is overlaid with a harder 
rock, and also rises to the west. In driving the 
heading the slate separated from this harder 
rock, causing a large increase in the height of 
the heading, which at the highest point reaches 
a height of 17 ft. above the tunnel roof, the 
tunnel having a total height of 37 ft. above the 
bottom grade. Much of the breakage here, 32%, 
is attributable to the falls of slate at the east 
end. 

Little Tom tunnel is driven through slate and 
sandstone, the former at the west end and the 
latter at the east end. The sandstone forms the 
roof and floor of the coal seams found in the 
vicinity of the tunnel. The strata lie approxi- 
mately level and vary from a few inches to sev 
eral feet in thickness. The breakage here is 
25%, due largely to the laminations of the sand. 
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stone, causing large pieces to flake and fall from 
the roof. 

In driving the tunnels hand drilling was al- 
most universally employed, although some ma- 
chine drills operated by compressed air were 
used in Big Bull and Little Tom tunnels. 


~ Area=' 263.66sg% 
='G765cuyds 
“per lin fe _ 


Fig. 2. Cross-section of Tunnel, Showing Inclina- 
tion of Limestone Strata. 


It was early recognized that under ordinary 
conditions of working some breakage was un- 
avoidable and so should be paid for. The price 
was fixed at $1.50 per cu. yd., and applied to 
every one of the ten tunnels driven. In nearly 
every case the extra material was utilized, either 


various methods were employed, generally de- 
pending on the fancy of the resident engineer in 
particular charge, there being a number of these. 
The measurements were all plotted to scale, and 
the areas calculated, not planimetered. 


AERIAL PHOTOGRAPHY FOR TAKING BIRD’S-EYE 
VIEWS OF INDUSTRIAL PLANTS. 

The use of cameras attached to kites for tak- 
ing bird’s-eye views from great heights has been 
applied in a number of cases for military, sur- 
vey and other work, and an example of such a 
photograph is shown herewith. It was made 
by the George R. Lawrence Co., of 1368 Broad- 
way, New York. The aerial photographic ap- 
paratus used is composed of (1) a series of aero- 
planes by means of which it is elevated to the 
necessary height; (2) the controlling device by 
which the camera is held rigid in the air during 
the time the exposure is being made, and (3) the 
electrical device for making the exposure. The 
aeroplanes are each S ft. square, and have a 
wind surface of 60 sq. ft. It is usual in making 
exposures at an altitude of 1,000 ft. to use from 
12 to 18 of these. They are sent up one after 
another, dragging a cable until the lifting force 
is great enough to carry the combined weight of 
3,000 ft. of cable and the camera with its elec- 
trical appliances. 

When the camera is 1,000 ft. high, the top aero- 
plane is 3,000 ft. high, or practically out of sight. 
The lowering apparatus is operated by a 3 HP. 
gasoline motor. The man who makes the pic- 
ture watches the camera with a strong field 
glass, and must keep his eyes upon the appara~ 
tus high above. He has his finger upon a switch, 
which controls the electrical device for making 


sal Cement Co., at Buffington, Ind., 22 miles from 
Chicago, near Lake Michigan. The plans ad- 
join each other and form practically one large 
plant, but they were built at different times, and 
are operated separately. 

The plant in the foreground was started on 
Jan. 1, 1905. It contains 16 kilns, 90 x 7 ft., and 
has a daily output of 5,000 barrels. The stock- 
house has storage room for 310,000 barrels. The 
other plant was started on Oct. 27, 1907. It 
contains 12 kilns, 120 x 7% ft., and has a daily 
output of 6,000 barrels. The stockhouse is one 
of the largest in the country, being 560 x 100 ft., 
and holds 400,000 barrels. 
ated entirely by electric 
waste 


Both plants are oper- 
power, generated by 
gases from the blast furnaces of the Ili- 
nois Steel Co., at South Chicago, and transmitted 
by means of high tension alternating-current 
which is transformed at the plants for distribu- 
tion. 


SMOKE ABATEMENT IN CHICAGO. 

The smoke problem in Chicago is being taken 
up on an educational and economic basis by the 
cooperation of various commercial and technical 
interests. It is hoped in this way to effect 
greater improvement than by the mere warning 
and fining of owners of buildings or plants whose 
smoke is more or less of a nuisance. 


A smoke 
abatement meeting was held May 5, being com- 
posed of representatives of the Illinois Coal Oper- 
ators’ Association (which has a coal-stoking and 
anti-smoke committee), the Chicago Smoke 
Abatement Commission, the Western Society of 
Engineers and the City Smoke Inspection Bu 
reau. 

The coal operators’ association is naturally in- 


AERIAL PHOTOGRAPH OF THE PLANT OF THE UNIVERSAL CEMENT CO., BUFFINGTON, IND. 


in the adjacent embankments or was placed into 
spoil banks and afterwards used for ballast. 

The method of determining the quantities of 
breakage was almost identical with that used on 
the Gunnison tunnel, measurements being taken 
from the backs of the timbers of the timbered 
portions of the tunnels. In the rock sections 


(Copyright by the George R. Lawrence Co.) 


the exposure. It may require from one to three 
hours before the right moment arrives to press 
the button. The instant the shutter is released, 
a miniature parachute escapes from the appa- 
ratus, indicating that the exposure has been 
completed. The apparatus can then be lowered. 

The view shows the two plants of the Univer- 


TABLE SHOWING OVERBREAKAGE IN TUNNELS ON THE Co VALLEY DIVISION OF THE NORFOLK 
& WESTERN RAILROAD 


No. or name of tunnel. Geological formation. 


Slate and sandstone......... 
Slate and sandstone......... 


-——Cubic yards-——_,, Per cent 
Length, Regular of 

feet. section. Breakage. breakage. 
155 1,514 288 19 
437 §,252 821 16 
541 6,126 1,467 24 
1,054 10,434 2,248 22 
6,300 2,759 

95 20,839 
= { 5,818 23 
1,566 17,318 5,477 32 
1,925 21,430 5,322 25 
9,105 104,994 28,050 27 


clined to take the part of the consumers, who 
form its customers, especially as it has been 
rumored that the smoke-abatement commission 
proposed to advocate the introduction of semi 
bituminous coa!s from sources outside the State. 
it was explained at the meeting, however, that 
the commission did not advocate such a_ step 
(except in some special cases), but expected to 
secure the smokeless combustion of Illinois coals. 
It may be noted in this connection that the engi- 
neering experiment station of the University of 
Illinois has made an investigation of this matter, 
and has issued a bulletin dealing with methods 
and appliances for burning Illinois coal without 
smoke. The city Smoke Inspector explained that 
suits based upon smoky conditions are now 
brought only when the offenders seek to antag- 
onize the efforts of the city to secure better 
conditions. As a result of the conference, the 
coal operators’ association agreed to co-operate 
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with the other bodies in promoting measures for 
the suppression of smoke, because it is realized 
that the Illinois coal industry will be benefited if 
consumers more generally understand that this 
coal may be burned without objectionable smoke. 

One coal operator, however, took a decidedly 
different and quite erroneous position. He argued 
that it is impossible to burn bituminous coal 
without smoke, and that to enforce laws prohib 
iting smoke is an injustice to the public, the coal 
operators and the consumers. The principal 
reply to such an argument is that by the use of 
proper furnaces and methods of firing, bituminous 
coal certainly can be burned without objection- 
able or excessive smoke, and it is the smoke due 
to the lack of such appliances and methods that 
has given rise to the demand for the suppression 
of smoke. 

While no definite action was taken at the mect- 
ing. it was the almost unanimous opinion that 
the facts as to coul combustion and smoke pre 
vention should be given the widest possible pub- 
licity, and that this work should be directed by a 
joint committee of the three associations men- 
tioned above. The steps proposed to be taken are 
outlined as follows: 

1. Attention should be called to the importance of 
the personal equation of the fireman as a cause of 
smoke. 

® The degree of influence which coal has on smoke 
hould be made clear for the information of coal users. 
This appears to be a feature of very great importance, 
because consumers often believe that by changing the 
dealer or the source of supply they will get a product 
that makes less smoke. This practice causes much con 
fusion and trouble without producing any beneficial r¢ 
sult Thus the fireman may say that the coal is bad 
and of a smoky character, when in re ality it may be 
the fault of the man who improperly manipulates the 
fire 

3. The importance and desirability of the use of a 
better class of furnace apparatus should be definitely 
and decidedly emphasized. In this connection an effort 
should be made to produce in the mind of the general 
public a realization of the fact that there is a differ- 
enee between apparatus which will not make smoke 
if carefully manipulated, and one which will be smoke- 
less under any condition of operation. The develop- 
ment and installation of the latter character of device 
is most desirable. : 

ELECTRIC MINE LOCOMOTIVES in the anthracite 
coal regions have within three years, i. e., 1103-1906, in- 
creased from 84 to 205; compressed air locomotives in- 
creased from 67 to 104 during the same period, while 
the number operated by steam decreased from 49 to 41. 
One of the primary causes of the increase in mechanical 
haulage is the extension of the mines and consequent 
increasing length of underground haul. 


ADVANTAGES OF POROUS BRICK IN BRICK WALLS. 

In freezing tests for brick there is a rarely 
recognized factor to which Mr. J. C. Jones, in 
Vol. IX., Transactions American Ceramic So- 
ciety (Edward Orton, Secretary) draws atten- 
tion. The distribution of water in brick walls is 
udrmally such that certain classes of brick, which 
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Sketch Showing Normal Distribution of Water in 
a Brick Wall. 


are frequently condemned for their porosity, are 
logically the best possible material for definite 
parts of the structure. In the accompanying 
sketch the foundation is shown as below the 
water line and in a constant state of immer- 


sion: here it is true, the 


question of pore space 
is paramount. No drain- 
age is possible. This is 
the place for the bricks 
that have been burned 
hardest, the effective 
diameter of the pores 
having thereby been 
so decreased as to 
offer tne greatest re- 
sistance to the flow of 
water. 

A second effect of 
greater hardness in- 
creased tenacity in op- 
position to the expansion 
of forming ice. No dam- 
age to brick be 
caused by ice except at 
the time of its formation 
as the coefficient of ex- 
pansion of clay wares is 
00000457, while that of 
ice is .0000350, the re- 
sulting contraction of 
the latter being therefore 
nine times as rapid as 
that of the former; when 
the temperature is low- 
ered the ice sarinks away 
from the walls of the 
pores. 

Coming to that portion 
of the wall just above 
the water line we find 
the amount of water 
dominated by the influ- 
ence of capillarity. The 
finer pored the brick is, 
the higher will be the 
ascension of water, yet, 
tue condition being that 
of saturation, the possible 
advantages of a lower 
water level attending the 
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use of coarse brick is 


overcome by the greater TRANSPLANTING AN 80-FT OAK AT THE WORKS OF THE 


strength inherent to 
fine pored material. In the upper part of the 
wall, however, constituting much the largest 
zone, exists a possibility of complete drainage. 
Water can be precipitated here only on the outer 
surface by atmospheric and mechanical agen- 
cies, and the pest material from the point of 
view assumed in the freezing test is evidently 
that which will most readily pass off the water, 
i. e., the coarse pored brick. 

TRANSPLANTING AN 80-FT. TREE WITH A LOCOMO- 

TIVE CRANE. 

What might be strained into a form of “con- 
servation of natural resources’ is illustrated by 
the accompanying figure. This shows an oak tree 
some 80 ft. in height and about 18 ins. in diam- 
eter, with a ball of earth and roots 15 ft. across, 
being carried from one 
part of the works yard of 


CROCKER-WHEELER CO., AMPERE, N. J. 


always maintaining the vertical position shown. 
The bark was protected by burlap and the wrap- 
pings were thrown around the tree and through 
the crane nook. A large block offset was found 
necessary to hold the tree upright against its 
uneven distribution of weight. 


A MOTOR-DRIVEN ERASER. 


In large drafting rooms of manufacturing 
plants where many and extensive changes on 
tracings are necessary the erasing becomes irk- 
some work, and the time consumed may become 
excessive. The idea shown in the accompanying 
figure is not new, but this is believed to be the 
first time such apparatus has been placed on tne 
open market. A small 1-12 or %-HP. Westing- 


the Crocker-Wheeler Co., 
at Ampere, N. J., to 
another. ,In the course of 
extensions of the present 
plant it became neces- 
sary to build the factory 
tracks over the _ place 
where this tree, among 
others, had grown. As 
much attention nad been 
paid to laying out the 
improvements and exten- 
sions of the plant with 
regard to future land- 
scape effects it was de- 


sired to transplant these 
trees rather than destroy 
them. From trials with 
similar small trees tae best place to grasp the 
tree, after freeing the roots from the holding soil, 
was ascertained. The tree was lifted out of its 
old place, carried by the locomotive crane several 
hundred feet along the track and deposited, 


A MOTOR-DRIVEN ERASER. MADE BY THE COATES CLIPPER CO., 


WORCESTER, MASS. 


house motor drives the eraser through a flexible 
shaft. Good results should be obtained by using 
a soft wheel and feeding powdered pumice stone 
to the tracing. The outfit is made up by the 
Coates Clipper Co., of Worcester, Mass, 
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South. 


THE NEW 
FORT GARRY TERMINAL 
AT 
WINNIPEG, MAN. 


Canadian Northern Railway. 
Grand Trunk Pacific Railway. 


National Transcontinental Railway. 


Designed by 
WARREN & WETMORE, 
Architects. 
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‘Situations Open’ 


Why is water deposited in a compressed air 
reservoir? How much water will collect in a 
reservoir in a given time, with air supply of a 
certain degree of humidity and a compressor of a 
given size run at a certain speed? 

We doubt very much whether any considerable 
proportion of engineers experienced in compressed 
air work could give a clear answer to these two 
questions. That more or less water is deposited 
in compressed air pipes, and that it makes 
trouble by freezing up in cold weather and by 
clogging with ice the escape ports of compressed 
air machines is well known; but there appears to 
be too little knowledge of what to do to remedy 
the trouble, or at least too much carelessness and 
neglect in the application of that knowledge. 

On another page of tnis issue we print the most 
practical and useful paper on moisture in com- 
pressed air that has ever appeared, so far as we 
are aware, anywhere in engineering literature. 
While the paper relates primarily to moisture in 
air brake, signal and interlocking systems, it de- 
serves study by everyone who has to do with com- 
pressed air work in shop, mine or field. 

The author of the paper, Mr. Murphy, shows 
clearly that water is always present in a com- 
pressed air system; and that it is just as certain 
that water will be deposited from compressed air 
when it cools as it is that it will drip from a wet 
sponge when squeezed.* The lesson is that pro- 
vision should be made for the regular and sys- 
tematic removal of water from every compressed 
air system, and this should be attended to as reg- 
ularly and carefully by the operator as the oiling 
of the compressor cylinder. In cases where such 
attendance cannot be assured, it is worth consid- 
eration whether some simple automatic means 
might not be devised for discharging the accumu- 
lated water from the reservoir at regular inter- 
vals. 

Again, most writers assume the ratio of the 
weight of a cubic foot of saturated steam to a 

*The only possible exceptions are compressed ‘air 
systems working in exceptionally dry climates, such as 
southern Arizona, or compressors working at very low 
pressures. Here it is possible at times that the final 


temperature and pressure of the compressed air may 
not exceed the point of saturation. 
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cubic foot of pure dry air, at the corresponding 
pressure and temperature, to be constant at ap- 
proximately 0.622. Mr. Murphy’s study shows 
that, for a range of temperatures from —30° to 
+ 434° F., the actual value ranges from 0.6082 to 
0.7073, respectively, and that the value of 0.622 
holds only for the immediate vicinity of 90° F 

The table which is given in the paper snould be 
of much practical value to engineers who have to 
do with problems in connection with drying ap- 
paratus, humidifiers and other machinery in 
which the moisture content in air becomes of im- 
portance. 


* 


Tne proverbial Scotch verdict “Not proven” 
appears to have been the result of the second 
criminal trial for conspiracy of those who were 
concerned in the looting of the Pennsylvania 
state treasury through the contracts for fur- 
nishings. 

In the trial last spring, John H. Sanderson, who 
had the contract for “trimming” the Harrisburg 


capitol, and three ex-state officers, ex-Auditor 
General William P. Snyder, ex-Treasurer Wil- 
liam L. Mathues and ex-Superintendent of 


Grounds and Buildings James M. Shumaker, 
were convicted of conspiracy to defraud the 
state. In the trial just’concluded, the same three 
State officials, with Congressman H. Burd Cas- 
sell, who had a contract for metallic furniture, 
and Joseph M. Huston, the architect of the 
capitol, were tried for conspiracy to defraud in 
connection with a certain invoice for metallic 
furniture amounting to $17,789. The judge di- 
rected the acquittal of the three ex-state officers 
in this case, on the ground that the evidence 
presented was insufficient to show that they had 
conspired to defraud the state on this particular 
bill. The jury acquitted Cassell and Huston 
presumably on the same ground. 

We make no pretence of expressing an opinion 
as to the technical grounds on which a verdict 
of “not guilty” was given in this particular 
case, except to say that its actual meaning is, only, 
as we have pointed out above, “not proven.” 
A man may be in the eyes of the law considered 
innocent until he is proved guilty; but in the 
eyes of the public the men who looted Penn- 
sylvania of some eight million dollars in the con- 
tracts for furnishing the state capitol are guilty, 
even though it were found impossible to estab- 
lish in court the exact way in which they con- 
spired together to carry out the robbery. 

The widespread damage by floods in the terri- 
tory west of the Mississippi River during the 
past three .weeks ought to direct renewed at- 
tention to the need for more systematic and in- 
telligent river improvement engineering in this 
country. 

We do not mean by this to advocate spe- 
cifically the reservoir system or any other sys- 
tem of control. In fact over a large part of the 
region between the Mississippi and the Rockies 
the probabilities are that nothing in the way of 
a reservoir system, would be possible on account 
of lack of sites for economical reservoir con- 
struction. 

What we would urge is that all work on our 
rivers should be done with a view to general 
conditions as well as local conditions. Cities 
have built levees and training walls along the 
course of a river within their limits and have 
had so much in view the saving of all the land 
possible along the water front that they have 
narrowed the channel and diminished its flood 
capacity. 

Again in locating bridges, such as those over 
the Kaw River at Kansas City, the tendency has 
been to keep down the cost of approaches and 
the cost of operating over approach grades, by 
steering as close as possible to high-water mark. 
When, however, a year of exceptional flood con- 
ditions occurs, such as happened at Kansas City 
in 1904, or in Texas or Montana this year, the 
bridge goes down in the flood and its obstructive 
effect on the current often makes the flood con- 
ditions worse in adjacent territory. 


The results of forest stripping are well illus— 
trated by the State of Michigan. According to 


a bulletin just issued by the Forest Service, 
about 6,000,000 acres, or nearly one-sixth the 
area of the entire state, is now “pine-barren” 
land. The removal of the original growth of pine 
was followed by forest fires which fed by the 
tops and the young growth burned up a large 
part of the soil itself, and rendered a new growth 
of timber difficult or impossible. As a result, 
the land has become valueless and has reverted 
to possession of the state through unpaid taxes. 
Had proper methods of forestry been pursued, 
these lands would be producing marketable pine 
to-day. 


CONCERNING AMERICAN RAILWAY MANAGEMENT. 


A civil engineer of great ability and national 
reputation invented, some four or five years ago, 
an important improvement in railway rolling 
stock. We say invented, but designed is probably 
a better word. What this engineer did was to 
take a certain engineering problem and work out 
its solution further than any one else had carried 
it. He thus found the reason for certain long- 
standing defects in existing apparatus, and then 
he devised a new apparatus which overcame these 
defects. 

Fortunately, unlike most inventors, this engi- 
neer was in comfortable financial circumstances 
and he was able not only to work out his inven- 
tion on paper, but to construct it in steel and 
iron. Not only was he able to do this, but to 
have it introduced into actual service. He was 
thus able to prove that his theoretical investiga- 
tions were correct and that his invention was 
practicable—two points over wnich most inventors 
stick hopelessly. Besides this, he hired a sales- 
man to push the invention on the market. 

Here, then, would seem to be the well laid 
foundations for a successful commercial enter- 
prise: An improvement which promised to save 
(and we believe would save) millions of dollars 
a year in operating expenses to the railways of 
the country, the improvement demonstrated to 
be practicable by actual operation in regular rail- 
way service, eminent scientific backing to sub- 
stantiate the claims made for the device, and 
finally, the nucleus at least of an organization to 
place it before railway officers. We may add 
also that the improvement was given full pub- 
licity in the technical press. 

And yet, notwithstanding this excellent founda- 
tion, the superstructure was never reared. No 
orders for the improvement were ever secured 
and nothing has been heard of it for years by the 
engineering and railway world. 

In an interview not long ago with the engineer 
who invented this improvement, he stated that he 
had expended over twenty thousand dollars in de- 
veloping the invention, besides his own time, and 
he was willing to present it as a gift to anyone 
who would show competency to take it up and 
push it commercially. 

Now why did the device fail to secure a mar- 
ket? The inventor’s reply to this query is of 
especial interest. He declared that railway offi- 
cers are so occupied with their regular work of 
administration that they nave practically no time 
to give to the examination and adoption of new 
improvements, and particularly anything which it 
requires some effort to understand! The railway 
executive officer knows that every change in ex- 
isting apparatus or methods means: necessarily a 
great amount of labor in educating the entire 
staff to the change. Very properly, therefore, he 
must be convinced that a change will be abso- 
lutely beneficial before he will act—and he would 
like to see the man who could convince him! 

To use the expressive words of the inventor: 
“When we tried to get my invention adopted by 
the railways we ran square against a stone 
wall.” There was, he admitted, one way by which 
success might have been gained—that is by 
“grafting,” the way to adoption by that certain 
percentage of railway officers who are susceptible 
to financial arguments. This engineer, however, 
was an engineer of high professional standards, 
and he preferred to lose all he had invested rather 
than do business in a dishonorable manner. 

It has seemed to us that this true story is worth 
putting on record for the lessons it contains. It 
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illustrates again, what has often been shown, the 
exceeding difficulty of introducing any new inven- 
tion in the railway field. The engineer who de- 
signed this was, as we have stated, a man of the 
widest reputation and highest standing; more- 
over, he has been all his life closely connected 
with railway work and has a wide acquaintance 
among high railway Officials. If such a man as 
that, with ample means and with technical and 
expert ability at ais elbow to aid him, cannot in- 
troduce a valuable railway invention, then how 
infinitesimal are the chances of the poor and un- 
known inventor without means! 

It happened that close upon the interview with 
the engineer above referred to came a conversa- 
tion with another engineer of equal prominence, 
the president of a great corporation well known 
for the important construction works it has car- 
ried out. In speaking of the difficulties of fis 
company’s business he alluded to its railway com- 
pany clients, and declared that his firm had often 
the greatest trouble in securing the attention of 
railway officers to work which the firm was car- 
rying out for their own companies. 

Notice especially that these two men, each with 
opportunities for observation such as come to 
hardly one man in a million, speaking on totally 
different subjects, expressed identically the same 
opinion: That the high railway officer of the 
present day is overloaded with work and responsi- 
bilities. Overloaded to such an extent that he is 
obliged to neglect things to which it is his duty to 
give attention. 

And now we are able to bring still a third wit- 
ness to testify in a similar vein. This man has 
been all his business life in close touca with rail- 
way officers and railway operations. He now 
holds a position near the head of one of the 
largest concerns furnishing supplies to railway 
companies. His testimony is that the railway 
companies, with few exceptions, rely on his com- 
pany to advise them what to buy and what to 
use in the particular line which he ‘naandles. In 
other words, these railway companies—even the 
largest of them—have not enough engineering 
ability in their management to decide for them- 
selves what they should use and how they snould 
use it. 

And now let us turn from general statements to 
specific. Take, for example, the matter of loco- 
motives. American locomotives are larger and 
heavier than those of any other country, but they 
are extraordinarily wasteful of fuel and they are 
probably more costly to keep in repair than for- 
eign locomotives. This is not the fault of the 
locomotive designers and builders, but of the rail- 
ways. It is entirely possible to build a locomo- 
tive and incorporate in its certain well tested 
improvements which would make it a far more 
efficient and economical machine. But until rail- 
way companies are prepared to give to locomo- 
tives better care on the road and in the shop, it is 
probably wise to put up with the present ineffi- 
cient machines. 

And what does better care on the road and in 
the shop mean? It does not mean, necessarily, 
higher wages for engine runners. American rail- 
ways are already paying very high wages to en- 
gine runners and are entitled to receive intelligent 
as well as faithful service. What it means, there- 
fore, is more supervision of these men. More care 
and expense in training them to use their ma- 
chines properly, more energy and ingenuity on 
the part of executive officials to make engine 
runners care for their machines. 

As an illustration of what better locomotives 
would mean in the way of economy, a paper was 
read before one of the railway clubs within a 
year, in which it was stated that a great part of 
the economies claimed for electric motive power 
could be secured without making the tremendous 
investment which electric operation requires, sim- 
ply by adopting a few of the well established im- 
provements in locomotive construction that have 
been developed during the past few years. 

For another illustration take the matter of tie 
supply. Our railway companies assuredly expect 
to continue their operations for ten, twenty, fifty 
or a hundred years to come. They issue bonds 
and make leases which mature or terminate more 
than half a century hence. Certainly, therefore, 


the present day managements are in duty bound 
to make some reasonable provision for the future 
operation of their railway lines. The question is 
pertinent, therefore, what provisions have our 
railway managers made for the future supply of 
cross-ties? It is not too much to say that the 
wooden cross-tie is the foundation on which the 
who'e railway superstructure is built. Is it not 
the business of the railway managers to look 
ahead and see what foundations will be available 
at least for the railways of 1930 or 1950? 

It may be said that the railways have done 
something in the way of erecting tie preserving 
plants and have started tie plantations. The fact 
is, However, that all that has been done in this 
field is trifling compared with what should have 
been done. A dollar expended on forestry fifteen 
years ago would now be in condition to yield ten 
or twenty dollars a few years hence. Locomotive 
sparks, which ought to have been and might have 
been prevented, have set fire to vast tracts of 
forest and have had a large part in hastening 
the timber famine, which will hurt the railways 
as well as all the rest of the community. 

We are told, however, that the growth in power 
and influence of the railway labor unions and 
of public opposition to railways, which finds ex- 
pression in State and federal laws and commis- 
sions to supervise railway operations—that these 
things make large demands on the time of rail- 
Way officers. When a general superintendent is 
hearing a grievance committee or answering a 
railway cOmmission’s summons he cannot be 
studying the larger problems of economic opera- 
tion which are now too much neglected. 

There is undoubtedly truth in this statement; 
but let us go back a little. With more ability in 
the management—closer touch with the operating 
force, such as was had by the master mechanic 
and division superintendent of thirty years ago, 
is it likely that the unions would have obtained 
quite such a dangerous power? Again, if our 
railway operations had been conducted with 
more regard to the rights of the public in the 
past, is it likely that public enmity to the rail- 
ways would have been quite so extreme at the 
present day? 

The past is past, of course. The serious ques- 
tion is whether the statements we cited at the 
outset of this article are true. If our railway 
companies are indeed so managed that important 
improvements are neglected and waste goes on 
unchecked, then indeed the situation is one of 
great importance, not only to the owners of the 
railways—those who hold stocks and bonds—but 
to railway shippers and travelers, railway em- 
ployees, and, in fact, the whole public. 

And at this point we may quote still another 
statement extremely pertinent in this connection. 
The head of one of the best known of American 
engineering schools, which gives special instruc- 
tion in several departments of engineering work, 
was asked whether instruction was given in any 
branch of railway engineering. He replied in the 
negative, and when some surprise was expressed, 
said that he did not consider it just to the gradu- 
ates to encourage them to take up a line of engi- 
neering work in which neither the salaries paid 
to nonest and efficient men nor the chances of 
eventual promotion were such as should attract 
a man of ambition and ability. ‘‘The railways do 
not offer enough either in the way of present 
salary or future prospects,” said he, “to justify 
us in fitting our graduates for railway work.” 

If this statement is a true one—and who will 
deny it—certainly the railways will be the great- 
est sufferers. The railways need men of the 
largest ability to conduct their affairs; but what 
inducements do they offer to attract young men 
of tecnnical training to take up such work and 
make it their life profession? Is there any field 
of engineering work which makes such heavy 
demands on a man’s time and energy, which 
loads him down with such a weight of responsi- 
bility for the safety of life and property and 
pays so poor a financial return as the railway 
service? 

It is said that there are compensating oppor- 
tunities offered to men of high position in the 
railway service and one is pointed to the many 
railway men who have accumulated fortunes. 


But the way in which many ot 

have been accumulated are not looked vu. 

public as they were a decade or two ago. Au. 
for the sake of argument if you will, that there 
may be such a thing as “honest graft,” by which 
a railway officer may make an income outside of 
his salary. It is surely like passing a camel 
through the eye of a needle to draw the line 
between the “honest graft’ and the graft that 
none can defend. Besides, the man who begins 
with “honest graft’ and pockets dollars that he 
did not earn finds it hard to resist the temptation 
to continue and to make opportunities for 
revenue to himself where none existed before. 

Surely a business is on a wrong basis when it 
pays a niggardly salary to an officer of high re- 
sponsibility, and tacitly approves of his use of 
the opportunities of his office for his own enrich- 
ment, 

To no small degree, the problems which our 
railway "managers must solve are the same as 
those that face the managers of our great indus- 
trial enterprises. Our promoters and bankers 
have bunched a dozen factories in a trust and 
grouped a dozen railway lines in a system; but 
they have little conception of the difficult problems 
which must be worked out to make those dozen 
factories or dozen railway lines into an efficient 
working unit. An organization can be broken up 
in a day, but it is the work of years to build it 
up and make it a smoothly operating macuaine. 
Probably the consolidation of the railways ini 
great systems was a necessary step forward, but 
we have only begun to work out the problem of 
unifying these systems, and secure harmony of 
action between all departments and all divisions. 

We have not written the above as an indict- 
ment of American railway officials as a class. On 
the contrary, we are strongly impressed with the 
energy and industry and faithfulness with which 
these men as a whole have carried heavy burdens. 
It is the system that is at fault and that needs 
a remedy. Our American railways need to make 
larger use of the mechanical engineer and the 
chemist. They need more money spent on salaries 
of competent executive officers in order that less 
money shall be spent on ineffective labor and de- 
fective materials. 


LETTERS TO THE EDITOR. 


Where Should Work be Stopped on a Reinforced-Con- 
crete Beam? 

Sir: In Engineering News, June 4, 1908, p. 616, a 
writer, initialed E. M., inquired as to where work 
should be stopped on a reinforced-concrete beam. Has 
he read the article, ‘“‘The Reinforced-Concrete Reser- 
voirs and Aqueduct of Mexico City,’’ by James D. Schuy- 
ler, M. Am. Soc. C. E., in Engineering Record, March 
28, 1908, p. 3622 In constructing the roof of the res- 
ervoir, it was necessary to form the ends of the beams 
“a long time prior’ to the ultimate completion of the 
beams. Tests were made at the Cindesa testing labora- 
tory on two beams 14 days old and on two beams 28 
days old. The test pieces were 19% ins. deep, 7% ins. 
wide and 14 ft. 9 ins. long; the distance between sup- 
ports was 13 ft. 1 in. Square rods were used for rein- 
forcement. The mix was 1:2:3. One beam of each age 
was built monolithic; the other beam had its ends 
formed two days before the rest of the beam. Guessing 
from a photograph, I should say that each end section 
was about 1 ft. long. The lack of weakness on the 
irregular line joining the old and new concrete seems 
to “prove conclusively that there was no weakness to be 
feared from this fragmentary method of molding as 
compared with monolithic beams, but, on the contrary,”’ 
that greater strength is developed. 

Yours truly, 
Clinton S. Bogert. 

57 E. 129th St., New York City, June 7, 1908. 


Some Misleading Authorities on Grillage Beams. 


Sir: How shall grillage beams for foundations be pro- 
portioned? (1) Shall they be considered uniformly sup- 
ported from below the entire length of the beam, with 
a uniform load extending over a center portion of their 
upper surfaces, and the maximum bending moment at 
the center of the beam? Or (2) shall the beam be fig- 
ured only for the load on the projecting area, the max- 
imum bending moment being taken at the edge of the 
base-plate, wall, or footing above? 
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wtal load on the top = total reaction at the 
bottom; 


a = the length of distribution of the load; 


y = the width of the projecting area; 
1 = length of beam = 2y+a; 
M = maximum bending moment: 
; W Wy 
Then, by Method 1: M = — (l—a) =— 
8 4 
Wy Wy? 
by Method 2: M = —-— x — = ——--—— 
2yt+a 2 2(2y+a) 


It needs but a few comparisons to show how widely 
different are the results obtained by these two methods 
of calculation. 

To the writer the first method alone seems safe and 
correct. To his knowledge a year or so ago the foun- 
dation plans of a building were condemned by the 
building department of the City of New York because 
the grillage beams were proportioned in accordance 
with the second method. The owner was put to con- 
siderable expense in strengthening his grillage. Yet 
he supposed he had followed reliable authorities in the 
first place. 

It is this feature which brings forth this communica- 
tion in the hope that it may be interesting to some: of 
your readers. 

Johnson, Bryan and Turneaure in their ‘‘Theory and 
Practice of Modern Framed Structures,” first edition 
p. 444, or eighth edition p. 482, writing of cast bases 
under columns say: 

These bases are made strong enough to carry the en- 
tire load on their perimeters, and in such cases the 
maximum bending moment in the beams comes at the 
edge of the base-plate. 

Of course, the whole question hinges upon whether 
cast bases are made strong enough to carry the entire 
load at the perimeter. Generally they are not. A page 
or two further on these same writers say: 

If .the base-plate is only strong enough to uniformly 
distribute the load over the area, the maximum bend- 
ing moment in the beams is at the center. 

This gives results in accordance with method 1 above. 

Patton, in “A Practical Treatise on Foundations,” 
second edition p. 846, calculates the bending moment 
for the projecting arm only and assumes the point of 
maximum bending moment at the edge of the upper 
ourse. 

Freitag, in the chapter on ‘‘Foundations’’ in his ‘‘Arch- 
itectural Engineering,’’ second edition p. 325, takes 
the maximum bending moment for the upper tier of 
beams about the edge of the column hase. The base 
he gives in his illustration will by no ‘means carry the 
entire column load to its edges. He writes: 

For the lower course of beams the calculation may be 
made in exactly the same manner, remembering that the 
point of moments is taken on the extreme edge of the 
upper course. 

Kidder, in his ‘Architects’ and Builders’ Pocket 
Book,’’ fourteenth edition p. 165, in calculating the size 
of beams for a wall footing writes: 

The beams are computed only for the pprtion pro- 
jecting beyond the stone footing, as the load on the 
a directly under the wall produces no transverse 

However, this does not fully satisfy the author, as on 
the same page he writes: 

Owing to the tendency of the beams, in bending, to 
concentrate the load on the outer edges of the masonry 
footing, and thus crush them, which action would have 
the same effect on the beam as lengthening the arm or 
projection, the author recommends that when the course 
above the beams is of stone, brick, or concrete, at least 
one-third the width of the masonry footing be added to 
the actual projection. 

The Carnegie Steel Co., in their well-known hand- 
book, edition of 1903, give four pages to I-beams used 
in foundations. In all cases they take the point of 
maximum bending moment at the edge of the base, 
wall, or course of beams aboye. This is unfortunate, 
for this handbook is widely used and quoted as au- 
thority. 

Referring to the recent handbook ‘‘Structural Steel,”’ 
of the Bethlehem Steel Co., under ‘‘Grillage Beams in 
Foundations,”’ p. 244, we find the case stated correctly: 

Loading is uniformly distributed over the length on 
which it is applied and the beam is uniformly supported 
from below over its entire length. Maximum bending 
occurs at the center of length of the beam. 

The Cambria Steel Co. in their handbook ‘‘Cambria 
Steel,”’ edition of 1907, p. 301; the Pencoyd Iron Works 
in their ‘‘Steel in Construction,’’ edition of 1900, p. 290, 
and the Passaic Rolling Mill Co. in ‘‘Structural Steel 
and Iron,’’ p. 209, agree precisely with the Bethlehem 
Steel Co. Yours very truly, 

New York City, June 4, 1908. R. F. 


The Influence of Protective Coatings on the Corrosion 
of Iron and Steel. 

Sir: Mr. R. H. Gaines’ admirable and instructive paper 
on the corrosion of water-pipe, published in your issue 
of May 28, 1908, shows well some of the more important 
and common causes of rusting. The matter of coating 


is fairly and intelligently taken up, but not enough 
consideration is given to what may reasonably be ex- 
pected from a coating and how it may be obtained. In 
the first place, we desire a coating which shall itself 
last as long as possible; if it becomes soft and earthy 
and lets the ground-water percolate through it, little 
protection is afforded to the pipe. Such, according to 
Mr. Gaines, is the character of the various asphalt dips; 
when such a coating goes to pieces the whole surface of 
the pipe is liable to general corrosion. The fact that it 
takes place mainly on the outside is evidence that con- 
stantly changing conditions assist such rusting. This 
will not take place uniformly because in certain soils 
iron does not seem to rust. As has been said, this is 
the case in peat because the decaying vegetable matter 
acts as a reducing agent, as is shown by sometimes 
finding beds of white ferrous carbonate under peat. Iron 
also does not rust in compact blue clay because the 
clay is so nearly water-tight that the water does not 
circulate in contact with the metal and electrical cur- 
rents are therefore not likely to arise. Moreover the 
blue clay itself is lacking in oxygen, as is evidenced 
by its color (if it becomes oxidized it turns red). 

It is not fair to class all asphalt dips alike; all pipe 
is not tarred with the same brush. The writer adheres 
to the theory that the elastic sorts of asphalium owe 
their elasticity to containing a more or less oily con- 
stituent which slowly passes off by evaporation, diffu- 
sion, or solution, leaving the residue in a friable and 
earthy condition. In most pipe dips this is well known 
to be the case, as the ily part, which may be ‘‘dead’’ 
oil of tar or it may be oily petroleum residue, is added 
in the dipping tank from time to time as required. The 
more permanent this oil ingredient is, the more lasting 
will be the coating. 

The varnish enamel which was applied to about half 
of the Rochester pipe is mildly criticized because it did 
not afford absolute protection. No coating will ever do 
this. These pipe sections were 28 ft. long, weighed from 2 
to 2% tons each, were hauled on wagons many miles 
over country roads and across fields, were dumped by 
the side of the ditch, lowered into place by the ordinary 
methods, field-riveted by gangs of tramp riveters, and 
after a time were covered. More than ordinary care was 
undoubtedly taken in doing all this, but it is utterly 
impossible, and always will be, to handle such pipe and 
not abrade the coating in occasional spots. It makes 
no difference what the coating is, this is true of all. It 
is>a necessary condition of the pipe-coating problem. 
These spots ought to be touched up with paint; but the 
paint is not as durable as the coating (that is why the 
coating is used); it is very difficult to find all the spots 
when the pipe is in the ditch, and when gravel and 
stones are shoveled in on top of the pipe, in covering 
it, some ne bare spots are likely to be formed. Some 
of these bare spots will happen to be where rusting 
will not take place anyway, but some will be in un- 
favorable places, and in time there will be a hole at 
such a place. If the coating itself is closely adherent 
and durable, the hole will be no larger than the original 
little bare spot, but if it is a poor coating the corrosion 
will spread over the neighboring surface. 

The little, sharply defined hole may be plugged or 
patched but this is much more difficult with broadly 
distributed corrosion. It is not likely and it is not 
reasonable to expect that we will ever have a coating 
which will enable us to handle two to five-ton sections 
of pipe in the ordinary way and never have a rust leak. 
If these rust leaks are relatively few and are not like 
great breaks, such as occur so often in cast pipe, and 
may be taken care of by reasonable maintenance, then 
the water main is as safe as we ought to expect. That 
is what this enamel coating seems to have done. The 
leaks are little sharply-defined holes, not greatly affect- 
ing the capacity of the pipe. The coating is not to 
blame for these holes; if the coating had been there, 
there would have been no holes. 

What is needed in this problem is constructive, not 
destructive, criticism. Here are 13 or 14 miles of enam- 
eled 38-in. pipe which has been built 15 years and in 
that time about two small leaks per mile have been 
produced, amounting to the destruction of perhaps a 
couple of square inches of %4-in. plate per 25,000 sq. ft. 
If the corrosion were general it would be another thing, 
but these small sharply defined holes do not weaken the 
plate in a way to cause danger of bursting. We should 
not only investigate the causes of these perforations, 
that is indeed important, but we must also be interested 
to know why the rest of the plate remains uninjured. 
The fact that there are about five times as many per- 
forations per mile in the asphalt-coated pipe as in the 
enameled, is of no small importance. 

It should be remembered also that this was the first 
large enameled work ever attempted and, while it was 
carefully and faithfully done, important improvements 
have since been made in the application of the enamel. 
The New York Navy Yard had an enameling plant sim- 
ilar to the one used at Rochester but, after some years’ 
study of its operation, this was torn down and a new 
and essentially different plant was built so that with 
the new and more scientifically constructed outfit the out- 
put of pipe, which was fairly good before, has been 
greatly improved. In considering new work the possibil- 


ities of all this improvement should be taken into ac- 
count. A. H. Sabin, 
Assoc. M. Am. Soc. C. E. 
82 Sanford Ave., Flushing, N. Y., June 8, 1908. 


Notes and Queries. 

An error in our article on the settlement of the 
Homeopathic, Hospital at Pittsburg, p. 2 of our issue 
of June 11, made the designed foundation pressure 
appear to be 8 tons per sq. ft. This of course should 
have read 4 tons per sq. ft., a figure more suitable to 
footings on natural clay soil. 

By another error we misspelled the name of the 
engineer active in the work of blocking and jacking 
up the settling structure. Mr. Herman Laub, M. Am. 
Soc. C. E., of Pittsburg, was the man in charge of 
this work. 


Our attention has been called to errors in the article 
in our issue of June 11, “A Device to Increase the Ef- 
fective Head of a Water-power Plant by Utilizing Waste 
Water.’’ Through a typographical error one equation 
was made to read: 

Work gained = (h+h.) — Q- h. 
yh +h. 

It is seen from the work preceding and following this 
equation that the proper form should be: 


Work gained = Q. —Q.h VA 


VN hth. 

With this article are shown two curves described as 
showing the relation between water ratio and efficiency 
in one instance and between water ratio and efficiency 
in the other.’” From the curves themselves it is at 
once seen that this phrase should be: ‘‘Showing the 
relation between water ratio and efficiency in one in- 
stance and between water ratio and head ratio in the 
other.’’ The captions on Figs. 1 and 2 were accidently 
transposed and should read as follows: 

“Fae, Experimental Arrangement of Herschel’s ' 
Fall Increaser at the Holyoke Testing Flume, Holyoke, 
Mass.”’ 

“Fig. 2. Clemens Herschel’s Fall Increaser as Applied 
to a Hydro-Blectric Power Station.’’ 

The nature of these errors is so apparent that the 
correct forms must have been immediately recognized 
in each case. 

STEEL RAILS FOR PRESENT SERVICE; THEIR MANU- 
FACTURE AND THEIR FAILURES. 

At a meeting of the Western Society of En- 
gineers on May 18, Mr. P. H. Dudley* presented 
a paper on “Steel Rails for Present Service; their 
Manufacture and their Failures.” He opened 
with the statement that 25 years ago he submit- 
ted to the New York Central Ry. the design for 
the first 5-in. SO-lb. rail in the United States. 
During the previous four years he had, with his 
dynagraph or track-inspection car, taken dia- 
grams of the surface conditions of thousands of 
miles of track laid with rails ranging from 52 
fos. to 67 Ibs. per yd. in weight and from 3% ins. 
to 4% ins. in height. The rails were of various 
makes, each of which developed certain individual 
peculiarities in the finish. The diagrams drawn 
by the apparatus had a longitudinal scale of 1-in. 
to 50 ft., while the vertical scale (for irregulari- 
ties of surface) was full size. 

Railway officials were at first of the opinion 
that bad sections of track detected by this me- 
chanical inspection could be brought into proper 
condition by more ballast, ties and labor. In- 
spections of track improved in this way, however, 
frequently showed the same conditions of rail 
surface, although the general character of the 
track had been improved. It was shown con- 
clusively that while much could be done by gen- 
eral improvements in regard to materials and 
maintenance work, there were limitations im- 
posed by the fact that a considerable proportion 
of the irregularities were inherent to the rails 
themselves and not to the track as a whole. In- 
deed, in some cases new rails were shown to have 
minute waves in the surface of the head. When 
these were replaced with other rails having a 
smoother finish, there was a decided improvement 
in the track condition and in the riding of the 
cars. 

The early steel rails lasted as long as six to 
ten of the iron rails they replaced. The depth for 
the splice bars was low and inadequite, how- 
ever, and the joint fastenings were inefficient. 
In a short time, therefore, the rails acquired per- 

Engineer, 80 Pine St., New York, N. Y. 
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manent set of varying character, which was 
classed as follows: 1, Joints low and centers 
high; 2, Joints and centers low and quarters 
high; 3, A series of short waves. There were 
often combinations of Nos. 1 and 2, and Nos. 2 
and 3. The wheel loads were practically the 
same as on the older iron rails, but the static 
loads were augmented by the wheel effects or 
dynamic shocks incident to the low joints and 
irregular surface, and this resulted in high train 
resistance. The track construction below the 
rails was of ample strength for the service, pro- 
vided that the moving wheel loads could be dis- 
tributed over a greater length and area of the 
roadbed. This could be effected by the use of 
stiffer rails, which would distribute the load over 
the wheelbase and thus relieve the individual ties 
from the severe loads sustained under the more 
flexible rails. Difficulty was experienced, how- 
ever, in convincing railway officers that the in- 
creased cost of rails of the new section would be 
warranted by the practical results obtained. 

The New York Central Ry. accepted the position 
that it would be economical to use a 5-in. 80-lb. 
rail which with only 23% more metal would be 
66% stiffer and 40% stronger than the 65-lb. rail 
then in use. The new rails were,first rolled in 
April, 1884, and laid in the track in July of that 
year. Mr. J. D. Hawks, then Chief Engineer of 
the Michigan Central Ry., designed a rail of the 
same weight and height, which was laid in 1886. 
President Roberts, of the Pennsylvania Ry., also 
ordered a 5-in. SO0-lb. rail designed after he had 
ridden over the new rails of the New York Cen- 
tral Ry. The supervisors had great trouble with the 
old Pennsylvania 4%-in. round topped rail, which 
rolled out outward so as to spread the gage. 
They were of opinion that this action would be 
greater with a 5-in. rail. It was explained, how- 
ever, that the new rail was designed with a com- 
paratively flat top (12 ins. radius) so that the 
wheels would tend to hold the rails vertical. This 
was found to be the case in service. In 1892, the 
New York Central Ry. ran the first 100-ton loco- 
motive on the first 100-lb. rails in the United 
States. 

We give below an abstract of part of Mr. Dud- 
ley’s paper: 

The necessity was recognized for increasing the physi- 
cal properties of the metal to correspond with the 
mechanical properties, and from 1890 to 1900 I had 
made over 600,000 tons of rails with 0.60% or more of 
earbon (according to the section), the phosphorus be- 
ing limited to 0.06% or less. These included 95-Ib. 
rails for the Boston & Albany Ry. and 75-lb. rails for 
the Mohawk & Malone Ry. They were rolled by the 
Bethlehem Steel Co., while Mr. John Fritz was super- 
intendent, as he was the only manufacturer who ad- 
mitted at that time that such rails could be made. 
Both railways paid a premium for this high grade 
of steel. 

The heats after being recarburized in the converter 
were poured and remained in the ladle from 5 to 6 
minutes, to allow the chemical reactions and oxidation- 
products to escape before teeming the ingots. The 
ingots were stripped, thrown down in the pits, and 
charged into horizontal furnaces for equalizing the heat 
“pefore blooming. The 26-in., three-high blooming-train 
of 11 passes was used. The blooms were cropped until 
sound steel was obtained, then chipped under the 
steam-hammer, and again charged into horizontal fur- 
naces for reheating and then rolled in 11 passes into 
rails. They were finished at between 950° and 1,000° C., 
as nearly as could be measured by the Siemens copper 
ball and water pyrometer. The Bethlehem rails on 
the Boston & Albany Ry., after 16 and 17 years’ ser- 
vice on heavy grades and sharp curvatures, have lost 
only about %-in. in height for the large volume of traffic 
which has passed over them. 

It was shown that sound ingots could be made in 
which piping was the least of their defects. The chem- 
ical composition shauld serve two important functions: 
1. To provide the basis for the physical properties de- 
sired in the steel; 2. To secure sound ingots. This 
requires the adjustable feature of the composition which 
was used in making the high-carbon low-phosphorus 
rails. When the phosphorus limit must be raised to 
0.10% owing to the character of the ore, the carbon 
for 100-lb. rails to be used where the temperature 
reaches 20° or 30° below zero should not exceed 0.45% 
or 0.50%. The silicon can be from 0.10% to 0.15% and 
the manganese about 1%. For ingots with length about 
21% times the base width, sound ingots can then be made 
by holding the steel 2% to 3 mins. after recarburizing in 
the converter, or about the same time in an intermedi- 
ate ladle before pouring. The nozzle of the ladle should 


not exceed 1144 or 2 ins. diameter, to ensure a solid 
stream of metal and to prevent carrying air into the 
mold. 

In order to study the defects in ingot structure be- 
sides those due to pipes, I commenced lettering the rails 
from the ingots for the New York Central Ry. and Bos- 
ton & Albany Ry. in December, 1892, at the Lackawanna 
Iron & Steel Co.’s plant, Scranton, Pa. The rails were 
0.06% in phosphorus. The carbon was 0.55 to 0.60% 
for 80-lb. rails and 0.60 to 0.70% for 95 and 100-!b. 
rails. These rails after 12 to 16 years’ service have 
developed. comparatively few base fractures, which were 
nearly equally divided between each of the letters. Out 
of over 500,000 tons, only 20 rails piped in the webs and 
heads have been found to date, though there is about 
0.25% of split heads, which are common to all of the 
letters. 

There is a slightly greater percentage of defective 
rails in the letter A (from the top of the ingot) than in 
either B or C. Those rails were all made from ingots 
which were cast in the pits, and as soop as they were 
stripped were thrown into a horizontal position, loaded 
upon the ingot trucks and charged into horizontal heat- 
ing furnaces. The chemical composition was adjusted 
to make a sound ingot. A great many of the ingots 
(as stickers) were broken under the drop hammer to 
see the solidity of the metal, and it was rare to find 
a central cavity of %%-in. diameter in any of the ingots 
after they were cold. The rails are giving exceedingly 
slow rates of wear, and only near the inside running 
edge of the upper corner of the head of the A rail for 
about one-third of its length do they show slight inclu- 
sions of gas or slag in the structure of the upper part 
of the ingot. 

The B and C rails rarely show any defects. The 
letters upon those rails can be found on most of those 
now in the track. The New York Central Ry. has 
been restencilling a number of those rails with white 
paint, indicating the letter so that persons can examine 
the rails and see the different rates of wear between 
the A, B and C rails. The A rail usually wears slightly 
faster than the B or C rail. Rails which have been in 
service 16 to 17 years and have carried from 200,000,000 
to 250,000,000 tons of traffic have lost only from 1/16 
to \%-in. in height in the center of the head. The 
rails on the curves show but little flange wear. The 
effort in making those rails was to secure a slow rate 
of wear by chemical composition and not by cold- 
rolling. Few half-moon breaks in the base have oc- 
curred in those rails after their long service. 

It is not generally understood that steel for rails can 
be rolled too cold during their manufacture. It is 
found by experience that cold rolled rails, which have 
been manufactured extensively since 1900, break to a 
greater extent in the tracks where the temperature falls 
to zero or below than the rails which were rolled at the 
ordinary working temperature. The cold rolling is 
Leneficial for the rate of wear in the head, but when 
the rails are rolled to near or below the critical tem- 
perature for the steel, it is detrimental to the section as 
a girder. The base, web and head will be chilled and 
hardened so that the ductility is decreased for the or- 
dinary chemical composition of the section, and the 
rails are injured under the straightening presses. 

The half-moon breaks which have occurred in the 
rails manufactured in the past four or five years are 
generally associated with cracks or seams in the base 
of the rail. 

Many consider that these are the primary cause of the 
fractures. The more recent physical examinations of 
broken rails show that associated with these seams the 
metal is usually brittle, having been chilled in rolling. 
The flange checks easily under a light blow of the 
sledge. The fri ‘tures can in many cases be traced 
directly to the initial strains in the metal, due to gag- 
ging to straighten the rail at the time of manufacture. 
The base of the rail on one side will check from the 
bottom upwards and in an inch or two from that the 
top of the flange will check from the top downward. 
They are detailed progressive fractures even though 
completed under a locomotive or train. Usually when 
found some part of the fracture has previously oxidized 
or discolored, showing that it has been days, weeks and 
sometimes months in developing. 

The gagging was sufficiently severe to put reversed 
bends in the edge of the base and has left decided 
initial stresses at the junction of the base and web 
and in the flanges of the rails due to permanent sets 
of the metal in gagging. The majority of the moon or 
crescent shaped fractures are on the top of the ties, the 
final being through the web and as a vertical shear 
with slight curvature through the web. Comparing 
these fractures with those from the supports of the 
drop testing machine, they are found to be identical ex- 
cept as to length of curve when the rail shears over the 
support. Increasing the thickness of the base for 
colder rolling than has been considered permissible does 
not check the tendency of the metal to fracture in the 
edges of the base under the reversed strains of the 
gagging process. The cold rolling reduces the ductility 
the same as though greater additions were made of 
carbon or phosphorus. 


The fractures in the base of the cold-rolled rails are 
not confined to the A rails, representing the top of the 
ingot, as is generally understood. They are distributed 
through all the rails from the ingot, and in a few cases 
have been identified as confined to a single ingot of the 
heat. Out of 201 specimens of broken rails, 43 were 
A rails, 46 B, 33 C and 18 D rails. The D rails form 
the smallest percentage of any of the letters in the 
track, for the reason that in long ingots they generally 
make the most seconds and are rejected as first-class 
rails. There were 61 rails out of 201 specimens in 
which the letter had become so oxidized as to prevent 
identification. The A rails formed about 21% of the 
letters identified, the B rails 22%, the C rails 18%, and 
the D rails about 9%. The D rails are from the bottom 
of ingots making four rails. 

The few failures I have described are those of my 
observation under high speed trains where the temper- 
atures were 20 to 30° below zero for several days at 
a time. In the winter of 1906 and 1907, which had the 
longest protracted waves of low temperatures in many 
localities the Weather Bureau has yet recorded, I saw 
but one or two direct tension breaks of rails. All other 
fractures were developments of injuries, strains or de- 
fects in manufacture. 

The numerous split heads of rails of recent years, 
called piped rails by the trackmen, are really due to 
heat failures. In long ingots the steel of the upper 
part is not deoxidized as much as the average, there 
being a well-defined exterior envelope not securely 
united to the spongy central core. The wheel loads 
cause the metal in the bearing surface of the rail to 
spread laterally and become loosened from the core, 
and the widening layer of metal eventually splits the 
metal of the core. The surfaces of the vertical splits 
become discolored in a short time, and they are often 
reported as flaws or pipes. About \-in. to %4-in. under 
the bearing surface of the rail there are often minute 
layers of slag (silicates of manganese) from the chem- 
ical reactions of the recarburiser. These permit the 
upper part to spread easily and split the metal beneath. 
The split may develop at the end of the rail, but more 
often occurs in one or two places at the centers or 
quarters. The pouring of the ingots too quickly after 
the recarburising of the steel seems to be a great fac- 
tor in the cause of split heads. 

Various forms of defects would be classed as ‘‘pipes,’’ 
by the track men who report rail fractures, but each 
might require a different method for its correction. The 
railway company should not simply tell the manufac- 
turer when rails fail. It should investigate and tell 
him the reason why they fail to meet the conditions 
of service. In the development of rail transportation, 
the users of rails have been obliged to increase the 
wheel loads and tractive efforts of the locomotives and 
the speeds of the trains, in order to meet traffic con- 
ditions. The rail makers, at the same time, in order 
to meet the demands, have shortened the time necessary 
for some of the processes of manufacture. It is neces- 
sary that the rail makers and users should get together, 
and it is gratifying to find that they are now arriving 
at the same facts and conclusions, from which material 
benefits will result. In conclusion, I quote the follow- 
ing remarks made by Dr. C. B. Dudley, of the Penn- 
sylvania Ry., in commenting upon my own specifications 
for rails. 

My old teacher in metallurgy used to say that the 
making of steel is a chemical operation, and that chem- 
ical operations require time as an essential element. 
My own thought on the subject of rails has been that 
we have just started to get hold of this problem. I 
want to call attention to the requirement in the speci- 
fications which Dr. P. H. Dudley referred to, that the 
metal should be held 2% minutes after the final addi- 
tions are made in the converter. I have been fighting 
the manufacturers of rails for over 20 years, and I 
have been trying for years to get them to hold the 
metal in the converter or the ladle for a little while, 
so as to give time to enable the necessary chemical re- 


actions to take place. I am delighted to know that one 
specification has brought that thing about. 


THE WORK OF THE LOBNITZ ROCK BREAKER IN SUB- 
AQUEOUS ROCK REMOVAL. 

Over twenty years ago Messrs. Lobnitz and 
Co., of Renfrew, Scotland, began manufacturing 
the Lobnitz Rock Breaker for use in breaking 
up subaqueous rock pric. to dredging, and since 
that time the machines have been used in vari- 
ous kinds of work in many places all over the 
world, including the Manchester, Eng., Canal, 
the Suez Canal, the river improvement work on 
the Danube and more lately in the harbor work 
in Buffalo, N. Y. Finally, the Isthmian Canal 
Commission has recently given an order for one 
of the machines to be delivered for work on the 
Panama Canal on Aug. 1 next. However, in all 
this time there have been very few available 
data concerning the performance of the device, 
either in connection with the amount of work 
turned out or the cost of excavation, so that 
comparison between the Lobnitz method of rock 
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removal and the generally used blasting has been 
reserved for the few who have had experience 
with both methods, and who, for reasons best 
known to themselves, have kept secret such data 
is they have accumulated. 

In the Proceedings of the Institution of Civil 
Engineers, vol. 170, part 4, Mr. George D. Mc- 
Glashan, Assoe. M. Inst. C. E., who is connected 
with the harbor work at Blyth, England, gives, 
in a paper entitled ‘Removal of Subaqueous 
Rock at Blyth,’ an extended account of the 
procedure and costs of the operation of a Lob- 
nitz Rock Breaker, which has been at work for 
some time in that harbor. Although the costs of 
labor and supplies are much lower in England 
than in this country, this first* authoritative 
account of an extensive work with the Lobnitz 
machine, as recently developed, is of sufficient 
interest to warrant the almost complete tran- 
seript which we reproduce below. 

The following paper has reference to a recent develop- 
ment of a method of removing subaqueous rock, adopted 
for the work now in progress at Blyth Harbor, North- 
umberland. In 1206 the Blyth Harbor Commissioners 
decided to carry out an extensive scheme of improve- 
ment, and among the works embraced in the scheme was 


respectively, and the weight of each ram is 15 tons. 
The shorter the ram the larger its diameter must be 
for any given weight, and, consequently, the better it 
is able to withstand the stresses due to the blows: to 
determine the length (in tidal waters) the required 
depth of water at low water is added to the rise of 
average spring tides, and the ram should be about 5 ft. 
longer than the sum. At Blyth the average rise of 
spring tides is 14 ft. 6 ins. When not in use, the ram 
is hoisted out of the water and slung with chains to 
the tripod. 

The wire rope attachment at the upper end of the ram 
consists of a couple of corrugated gluts 12 ins. long, 
embracing the rope and let into a recess bored out of 
the head of the ram. Six tightly screwed set-bolts, 14 
in. diameter, passing through the ram head, cause 
the gluts to grip the rope. During the eight months 
that No. 1 rock breaker has been at work, this at- 
tachment has failed only once, and that failure was 
caused by an inexperienced man. Great care should, 
however, be taken that the set-bolts are thoroughly 
tightened up, because, in certain circumstances, the 
consequence might be serious should the rope slip out. 
It is important to have a spare set of these bolts, for 
after being used several times, a ‘‘burr’ or ‘‘rag” 
forms upon their ends when screwed up against the 
gluts, and it is then difficult to unscrew them, and in 
one or two cases they had to be drilled out. A _ satis- 
factory method to follow is to use the spare set-bolts 
each time a new wire rcpe is put on; the original set- 
bolts can be filed down at the ends, retapped if neces- 
sary, and kept ready for aise. 

The lower end of the ram has a tapered socket to 
receive the point, which resembles in shape an armor- 
piercing projectile. This 
point is of vital importance, 
and it is made of specially 
hardened steel, the composi- 
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ram by three set-screws, 


which are set into an annu- 


THE LOBNITZ ROCK BREAKER, USED FOR SUBAQUEOUS WORK IN !#F recess in the spigot of 
BLYTH HARBOR, ENGLAND. the point; the heads of the 


the deepening of the harbor to 24 ft. at low water of 
spring tides, involving the removal of about 500,000 cu. 
yds. of rock. For this purpose it was decided to employ 
a Lobnitz Patent Rock Breaker, and so successful were 
the results that a second machine was obtained this year 
(1907). 

This method of rock breaking consists in the repeated 
blows of a long, heavy pointed chisel or ram, which 
falls by its own weight upon the rock to be broken. No 
explosives are required. The machine consists of a barge 
upon which stand the tripod legs supporting the ram, 
a winch for hoisting the ram by means of a wire rope 
led over a sheave at the top of the tripod, another 
winch for operating the chains that maneuver the 
barge, an ordinary marine boiler for supplying steam 
to the winches, and smaller supplementary machinery 
and plant. 

DESCRIPTION. 

The barges of the rock breakers at Blyth are of steel 
and measure 100 x 28 x 8 ft.; and they are divided 
into five water-tight compartments, one of which serves 
as a fresh-water tank for the boiler-supply, and the 
others are utilized for cabin accommodation for the 
erew and for the storage of reserve wire ropes, chains, 
etc. At the center of No. 1 barge there is a well through 
which the ram works. This machine cannot work nearer 
to any quay-face than one-half the beam, or 14 ft. 
In the second rock breaker the ram works at one end 
of the barge, so that the rock can be broken close up to 
quay-faces; this barge, however, has the disadvantage 
of considerable movement in the water while the machine 
is at work. The guide for the ram is fitted with power- 
ful volute springs to lessen the lateral shock of the 
blows: the tension of these springs is adjusted by wedges. 
The boiler and machinery are on deck. The legs of the 
tripod are of a box section, are built of steel and are 
riveted to the deck; they are sufficiently high to allow 
of the point of the ram being raised level with the 
deck for examination or renewal of the point. 

The rams are 40 ft. and 50 ft. long; they are made 
of forged steel, turned and machined all over, and 
tapered to conform to the total stresses at each section; 
the maximum diameters are 19% ins... and 16% ins. 


*Descriptions of the Lobnitz Rock Breaker have ap- 
peared in Engineering News as follows: Jan. 26, 1889, p. 
69: Dec. 20, 1894, p. 507: May 3, 1906, p. 499; Aug. 2, 
19806, p. 125; Feb. 28, 1907, p. 236; Apr. 2, 1907, p. 383 


set-screws are sunk flush 
with the face of the ram. Considerable difficulty was 
experienced in withdrawing the point from the socket 
in the ram, and improvement is required in this diree- 
tion. On one occasion, hydraulic pressure, amounting to 
about 5 tons, was applied at the top of the spigot, 
and at the same time steel wedges were driven in be- 
tween the point and the ram, yet it required a whoie 
day to produce any movement of the point. The 
wedges tended to damage the bearing area of the ram 
upon the spigot. The hydraulic pressure was applied 
through a small hole leading into a recess bored out 
of the ram at the head of the socket. Heating the 
foot of the rain is sometimes effective in loosening the 
point, but this method is not altogether advisable 
Surrounding the foot of the ram and let into it, is a 
hoop of specially hard steel, which strengthens that 
part of the ram against the bursting effect of the 
spigot, and, in addition, serves to resist the wear, and 
so protects the extreme end of the “am. With con- 
tinuous working, the point, and 2 or 3 ft. of the ram, 
become highly polished. For about 12 ins. above the 
hoop the ram was found to have been hollowed out, 
after eight months’ working, */;, in. by the abrasion 
of the rock. 

The hoisting winch is driven by a double-cylinder 
non-condensing engine, supplied with steam at about 
100 Ibs. pressure from an ordinary marine return-tube 
boiler, and suitably geared to a shaft upon which rides 
loosely a barrel 3 ft. in diameter; the surface is 
spirally grooved to prevent the coils of wire rope rid 
ing upon each other. A chilled steel center, embraced 
by a steel spiral coil-clutch attached to the barrel, 
keyed to the shaft. The coil-clutch is actuated by a 
system of levers, and is provided with a small spring 
to assist it in releasing its hold when put out of 
action. This spring can be adjusted to prevent any 
“seizing’’ of the coil. The coil-clutch suddenly snapped 
one Monday morning, immediately after the tightening 
force had been applied, possibly owing to a _ keen 
frost that had set in the night before. Since then, if 
the winch had been standing for any length of time 
during frosty weather, duck lamps were placed in the 
vicinity of the coil to warm it, before putting the winch 
into operation. The winch is provided with an ordinary 
brake. The exhaust steam is carried through a feed 
water heater, and thence alongside the funnel. A feed 
pump worked by the winch supplies the boiler through 


the feed-water heater. The maneuvering winch Is driven 
by a double-cylinder engine, and hag six independent 
reversible chain barrels, fitted with warpirg ends; it 
works all the necessary mooring chains, and is oper- 
ated by one man. For night-work, the rock breaker is 
fitted with forty incandescent 16-c. p. lamps in clus- 
ters, supplied with current from an engine and dynamo 
on the barge. 
METHOD OF OPERATING. 

To operate the rock breaker, the barge is first brought 
over the site, the surface of the rock having previously 
been dredged clean, and there it is securely moored 
in position by single fore and aft cables and side 
chains at each quarter—six chains in all. The ram is 
then gently lowered until the point rests upon the 
rock, and a gage, painted on the ram, indicates to 
the hoisting winchman the required height of lift 
generally about eight feet. When lifted, steam is par- 
tially shut off to prevent the winch engines racing, and 
the coil-clutch is released to drop the ram. The op 
eration of raising and releasing the ram is continued 
until the rock is penetrated to the required depth. 
The barge is then moved to a spot three or four feet 
away, and the ram allowed to penetrate the rock to 
the samé depth as before, after which it is moved 
another three or four feet, and so on. 

Each new position of the ram must be fixed with 
great care, and this is effected by two sighting poles 
on shore being kept in line with two sighting rods 
on board. The space between adjacent spots pene- 
trated by the ram in one direction is called the ‘‘piteh,’’ 
while the spacing in a direction at right angles is 
called the ‘‘advance.”” The pitch and advance are 
always made equal. The pitch first adopted at Blyth 
was 3 ft., but was increased to 3 ft. 6 ins., then to 
4 ft., and ultimately to 4 ft. 6 ins. This latter pitch 
is now maintained throughout. The rock removed con- 
sisted, for the greater part, of the caleareous sand- 
stone commonly found in the coal measures, portions 
of which were almost as hard as granite. The beds of 
sandstone alternated with thin layers of shale and 
sometimes of coal. The dredging results of the various 
pitches were carefully watched, but the only perceptible 
difference between the 53-ft.-pitch and the 4-ft. 6-in.- 
pitch was that with the latter the pieces of broken 
rock were larger than with the former, but there was 
no practical difference in the rate of dredging. Theo- 
retically, there ought to be an economical pitch and 
advance, according to the degree of hardness of the 
rock to be broken, and it is worth while ascertaining 
this pi‘ch by experiment, if the character of rock is 
fairly uniform over large area, but where the rock 
is varied in character, it is advantageous, for practical 
reasons, to ascertain the best average pitch and advance 
and maintain them throughout. The total penetration 
is generally 3 ft.; with a greater penetration there is 
the risk of the ram occasionally sticking fast in the 
rock. The ram is generally made to fall 8 ft., and 
with this fall about four blows per minute can be de- 
livered. The number of blows for a_ penetration of 
* ft. varied from five to fifteen, according to the 
hardness of the rock, but for fairly hard sandstone 
eight blows may be taken as an average. The pieces 
of rock broken with a 4-ft. 6-in.-pitch average about 
one-fourth of a cubie foot, but occasionally there were 
pieces weighing about a ton. The rock is generally 
so avell broken up that it can be dredged fully 157 
faster than blasted rock, and a uniform surface on the 
rock is obtained 

Experiments were made with the rock breaker on 
hard rock exposed at low water, and showed that the 
rock was completely pulverized on the spots where 
the ram fell, and, for about a foot around each hole 
made by the ram, the rock was broken into small 
pieces and forced up above the original surface; be- 
yond this the rock was thoroughly fissured, and some 
of the pieces were forced up. The thorough breaking 
up of the rock is an advantage for dredging purposes, 
as compared with blasted rock. It frequently happens 
in blasting rock under water, when the strata ts hori- 
zontal, that the rock surrounding the lower portion of 
the bore-hole containing the shot is completely shat- 
tered, but the upper panels are only fissured, and not 
dislodged due probably, in part, to the overlying weight 
of water. The dredger has, consequently, considerable 
difficulty in ‘‘breaking into’’ this rock when commenc 
ing to dredge a new area; this difficulty does not oceur 


when the rock breaker is used. 
The rock breaker was originally fitted with two sight 
ing-frames. each having a _ vertical sliding bar, and 


allowing of a total advance of the barge of 18 ft. 6 ins 
for each position of the poles on shore, but this advance 
was found to be insufficient owing to obstructions be 
tween the barge and the shore, and also to allow of 
spanning graving-dock entrances, et® A sighting-frame 
was therefore erected along each side of the barge for 
nearly its full length, allowing of a total advance of 
about 80 ft. before the poles on shore need be moved 
At night time the poles om shore are indicated by lamp 
The poles are placed alongside pegs previously put in 
position and are at right angles to a base line, which 
is plotted upon a plan kept in the office, and upon 
which the progress of the rock breaker is recorded day 
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graduated measuring-wire, wound around 
on board, with one end fixed to the base 


line, give the position of the barge. Some difficulty 
was experienced in preserving the correct positions of 
the barge when ships lay between it and the sightir 


J 
poles; this difficulty was, in some measure, overcome 
by maintaining the bearing of the base line on a 


mariner I 3, and by careful manipulation of the 
maneuvering chair 

The wire rope used at Blyth for lifting the ram 
5 ins. in circumference end 167 ft. long, and is com- 
posed of six strands surrounding hemp core An 
eye i pliced at one end for attaching to the drum 
This wire rope ubject to severe usage nd con- 
equently it ife hort o that it one of the 
hief en of naintena should winct i 
ipply the frictio clutch before I ram ha uck 
the xk the wire rope is subject to a vere pull, and 
a severe stress is put upon the v h it hould he 
however, be late in applying th clutch he wire ope 
will spin off the drum and kink at the head of the 
ram, and also close to the drum. With practice men 

quire considerable kill in operating the winch, but, 
even when the application of the clutch is correctly 
timed, a certain amount of slackening of the rope 


invariably occurs, which ometimes forms a kink at 
the head of the ram. There are two places where the 
wire rope tends to fail, one near to the ram head 
where the kink occurs and the other at the drum, due 


to friction. Considerable friction, and consequent wear 


of the rope, also take place at the sheave, which 
3 ft. in diameter, for at the moment the ram has 


truck the rock the rope is at a standstill, but the 


continues to revolve by virtue of its kinetic 


at Blyth, however, none of the wire ropes 
have had to be taken off on this account. To lessen the 
harpness of the kink at the ram head the wire rope 
is laid with serving wire for a distance of 15 ft. from 


the ram-head attachmer and a later improvement ts 


i 
to worm the rope with %-in. soft iron wire before 


putting on the serving. There i great difficulty in 
getting wire rope of suitable quality, as it must be 


soft enough not to be affected by kinking, | 
st friction, and with a sufficient 


at present being 


safety for working. Experiments 
made at Blyth with various kir 
different makers, but up to the present the longest life 


of a wire rope has been 495 actual working hours. At 


wire rope from 


least two pare wire ropé are always kept on board 
ready for use. 

In a harbor or waterway the hore 
e mooring chains of the barge are 


rle or double fluked anchor 


ter, and if ordinary si 


laid down in a harbor 


r bottor they may be a uree of 
danger to shipping. Based on the experience at Blyth 
the author’s opinion i that the best y ; sO 
mooring for rock breakers, where quays are con- 


cerned and where a large amount of rock has to be 
-removed, is to have chains attached permanently by a 
diver to the quay-face, as low down as possible, and 
of sufficient length to be brought up to near the top 


of the quay, where the ends are temporarily fastened 


The chains pe at convenient intervals along the 
quay, and are ea brought into use by shackling 
them to the ends of the rock breaker’s chains. This 
afford a more expeditious d onvenient system of 


than that of a bridle chain along the quay. 


than compe ved for by the saving in labor, and by 


per 
the time that the rock eaker itself would probably 


se moorings can, moreover, be 


otherwise be idle The 
used by the dredgers. 
The rock breakers at Blyth work on double shift, 


und are manned by two crews, each consisting of four 


men: the skipper hoisting winchman, the maneuver 
ng winchman a stoker. It has been found 
eafarir men n the best skipper but they t 
be ve, it and with a fair educatio It 

al dvantage hoi ng WwW i somewhat 
of a mechanic, as he can then more readily understand 
the cause of, and possibly remedy, any trifling ak 
dow of tl machinery tach crew works a week o1 
day-shift d a week on I shift alternately, mak 
ing 11 shif of 12 hours each per fortnight per man 


COST DATA. 

Mr. McGlashan then proceeds to give some 
cost data of the operation of the breaker in this 
particular work. The reader is again reminded 
that in examining these data it should be re 


membered that the unit prices for labor and 


rial are il biy er t} } 
ybtuin in t H ese u 


Ame! in pra e may be 1 lk 
re the full tin weekly wages paid 
$10. 70 
winchman 9.70 
8.30 
$37.00 


onsumption average 


on the author has observed 


followed, and any laxity in the working of 


points 


at week ends 


<penditu over a period of 27 weeks. .$4.160.7 


27 tons (of 2,000 Ibs.) 


tank carried 


hours. A 


used to convey fresh water to the rock 


wood 


The level of the bottom of this tank being 


top of tt t 


ie te in the rock breaker, no 
1, The consumption of water is 


requires 
gal for a full working w 


Salt water 
d, but for many reasons it is less eco- 


st, and in 
the motion 


aker due to 18-in. waves causes the 


to strike the g 


thereby lessening 


itating a larger num- 


netration. 


has to be removed above low-water level 


harbor t! me during which the rock 
work i m 1 by height of the rock 
inge of the d ind s an advantage if 
to be broken in deeper water close by it 
to work on high rock with a rising tide 
uld he wire rope suddenly fa or come 
ttachment, the flotation of the barge 1 
ft the ram, and when the latter is elcar of 
the barge can be hauled into a safe po 
lamage might ensue to the f the 
led whe working on high g on an 


method of recording the results of the 


g is essential for economical working, and 


adopted a system of 


mpiled from the retur! from 


lay is obtained 

ve the following informatio the num 
ord ite (an ordinate i 1 lin followed 
ra right angle » the t line) 


lvance from the last ordinate, the d 


from the base line, the penetration 
ach  seri¢ f blows, the number of 
osition of the ram, ete. All delays 
th the reasons, were also recorded, 
the times of topping and re tarting 
way, the progress of the work could 


from preventable causes 


rock W brok , and afte the dredging 

the ram enetrated 3 ft the rock ould be 

No. 2 was only put Oo operatior 

following iculars refer to rock breake 


n in one week 


broken over a 


ind other stop- 


cu. yds. as the 


of 27 weeks 229 shifts were worked, 


ind nee eleven shifts constitute a 
11 1,177 cu. yds., is the average 
worki week. 
wing i an analysis of the rock-breaker’s 


the 27 weeks above referred to, de- 


luding holidays) due to— 


orings to new positions, and picking 
hackling together mooring chains 
9.12 
by 9.12 
3.18 


udin 


d 


ne. etc 


Ly 
tking rock . 45.70 


ost of breaking the rock is obtained as fol- 


rking costs for 27 weeks— 
crew, towage, supervision 
ortion of expense of water, 


conveyance. 


S4.S7 
$2,970.41 


$1,190.83 


26 per 1,000 gallons. The cost 
cts. per 


vel 


cluded 


1 deliver 


total quantity of rock broken in the 27 weeks 


cu. yds., the working cost per cubic yard is-- 


$0.1696 


The cost of the rock-breaker (including ram) was 
092.20, whence— 
Interest on capital........ at4 % $1, 
Depreciation 
Insurance 


or $1,460 for 27 weeks. 
So that the amount per cubic yard is— 


$1,460 


$0.0595 
24 525 
- dow 
Total cost of breaking rock (including interest, ete.) 
$0.1696 + $0.0595 = $0.2291 per cu. yd. 


The 214% allowance for depreciation is in the author's 
opinion ample, assuming that the rock-breaker is well 
maintained 

In estimating the probable cost of rock-breaking over a 
period of years, allowance must be made, of course, for 
periodical docking and painting, but the ram constitutes 
heaviest item of maintenance, owing to the wear by 
abrasion of the bottom 2 or 8 ft. There is,: also, the lia- 
bility of the ram fracturing, in the course of time, due to 
“‘fatigue.’” Messrs. Lobnitz and Co. state, as the result 
of their general experience, that the total cost of repair 
and renewals will not exceed that of all the other work- 
ing expenses put together, and the author believes this 
to furnish a safe basis for an estimate. Hence: 

For 27 weeks— 

Average cost for wages, coal, stores, ete 

ie estimated allowance for cost of repairs and 
renewals (including periodical docking and 
| ised on Messrs. Lobnitz and Co.'s 
estimate, can therefore be put at the maxi- 


970.48 


Interest, depreciation and insurance, as above.. 1, x 


Estimated total cost....,.. ; 


Hence the estimated total cost of breaking rock, includ 
ing interest, depreciation, ete 
$7,400.81 


$0.2016 per cu. yd. 
24,535 
The average cost of drilling and blasting sandstone rock 
at Blyth was $0.72 per cu. yd. The drilling craft con- 
isted of a barge, upon which was mounted a derrick and 
overhanging platform, an ordinary vertical boiler and a 
winch engine. The drills, six in number, were worked by 
hand, assisted by ropes attached to the drill crossheads, 
and led over sheaves at the top of the derrick to barrels 
pon a long shaft driven by the winch. The winch was 
continuously running, and the lifting and releasing 


were effected by alternately tightening and 
two or three turns of the rope around each 


l the explosive used, and an average of 
about 488 cu 


of rock per week were broken, the 
craft working night and day. 


In comparing the removal of large quantities of rock by 
the rock-breaker and by blasting, the following are the 
chicf points in favor of the rock-breaker, viz.: (1) Con- 
iderably less cost; (2) the rock is breken at a quicker 
rate; (4) the rock is broken to a more convenient size for 
dredging, so as to increase the rate of the latter opera- 
tion by about 15%; (4) the rock can be broken at places 
where it would be injudicious to use explosives; (5) free- 
dom from the danger incidental to the use of explosives. 

The engineers to the Blyth Harbor Commissioners are 
Messrs. J. Watt Sandeman and Son, of Newcastle-upon- 
Tyne, and the author is the Resident Engineer. 

In a recent review of the work of the Lobnitz 
Rock Breaker, “Le Génie Civil” gives some 
figures which may be compared with those com- 
piled by Mr. MeGlashan, although the absence of 
unit prices and other details of the work noted in 
the French journal takes most of the value from 
the comparison. In the Manchester Canal work, 
Which was in an _ easily-broken, friable rock, 
operations over ten months gave the following 
results: 

Rock broken up per month of 480 working hours: 
ee 6,400 cu. yds. 
Maximum 10,180 cu. yds. 

Minimum 5,620 cu. yds. 
ting machine per month: 
Wages. 
Coal, water, etc.. 


The average work per day was a depth of two 
feet over an area of 120 x 36 sq. ft. Comparing 
this hourly average breaking capacity with that 
noted at Blyth, it will be seen that the Man- 
chester work averaged about 13.3 cu. yds. of 
rock per hour at a cost of 18.8 cts. per cu. yd., 
while the Blyth work was 1,177 cu. yds. in a 
week of 152 hrs., or 8. cu. yds. per hour at a 
cost of 28 cts. per cu. yd. It is stated in ‘‘Le 


Génie Civil’ that in French practice subaqueous 
rock may be broken up by the Lobnitz machine 
at a rate of 3 cu. yds. per hr. in hard granite, 


$4,160.77 
| 
| 
| I I 
$2112.48 
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, to G6 cu. yds. per hr. in gneiss and 10 cu. yds. 
er hr. in soft schist. 

It should be noted that all of the above data 
elate entirely to the breaking up of the rock 
nd do not deal at all with the costs and de- 
ails of the subsequent necessary dredging and 
emoval. 


A CONCRETE SIDEWALK MACHINE. 
In the accompanying half-tone there is shown 
. traveling mold, recently invented by Mr. 
itrnest L. Ransome, which is used for the almost 


automatic construction of concrete’ sidewalks, 


init slabs, lintels or other members having a 
iniform cross-section. The mold is to be placed 
nm the site of construction and drawn anead by 
power, leaving the finished product behind it. 
Mass concrete for the base of a sidewalk, for in- 


cover the general horsepower requirements of machine 
tools ordinarily found in railroad repair shops. 

Occasionally certain tools are selected with the purpose 
of performing extra heavy service, to utilize the full 
capacity of the new rapid cutting tool steel, as is now 
done in manufacturing shops; in such cases the power 
to drive must be figured on the basis of service re- 
quired of the machine. As these cases are few and 
exceptional the curves meet the majority of conditions, 
but the exceptions can be taken care of by the following 
formula: 

HP. to drive equals F x D x (F.P.M.) xX 12 x N x C. 


Where F = Feed in ins.; D Depth of cut in ins. ; 
(F.P.M.) = Ft. per min.; N Number of tools cutting ; 
Cc = constant depending on the class of material, with 


the folloowing values: 


For cast iron . 0.35 to 0.5 


Soft steel or wrought iron .........sceeeces 0.45 to 0.7 
Very hard steel, i. e. crucible steel D. W. 


This formula is based on 


A MOLDING MACHINE FOR BUILDING CEMENT SIDEWALKS. 


Prot Flather’s dynamo- 
meter tests which check 
up fairly with actual motor 


tests, is, therefore, 
submitted with confidence. 
For example: The aggre- 


eate HP. of 45 tests, with 
various tools, by test was 
U47.7, while the calculated 
egregate HP. by formula 
equals 247.2. 

The extensive tests made 
by Dr. Nicolson, of the 


Manchester Technical 


School, England, confirms 
th foregoing, and i a 
very interesting contribu- 
tion to the subject. A 
careful analysis of the re 

sults of these experiments 
show the average HP. re- 
quired at the motor, per 
pound of metal removed per 


(Invented by Mr. Ernest L. Ransome, Assoc. Am. Soc. C. E.) minute to be as _ follows: 


stance, is filled in the front part of the mold and 
the finishing or top mortar coat in the middle 
hopper, and as the mold is drawn along the hop- 
per is so designed that it feeds a thin layer of 
mortar onto the concrete base. It is stated taat 
no skilled finishers are required with the mold, 
but that a smooth top coating and solid founda- 
tion are automatically produced, at a speed of 
about 2 ft. per min. 

The manufacturer and owner of the device, 
who has furnished us with this information, is 
the Ransome International Conduit Co., of No. 
11 Broadway, New York. 


POWER REQUIREMENTS OF RAILROAD SHOP TOOLS.* 


(1)—Medium or soft steel or wrought iron.... 2.4 HP. 
(3)—-Cast iron, soft or medium ............... 1.00 HP. 

Using the symbols of previous formula the HP. be- 
comes: F x D x (F.P.M.) x 12 x N x W ~ figures above, 
where W equals the weight of a cubic inch of metal 
removed, and is as follows: For cast iron 0.258; wrought 
iron 0.278; for steel 0.284. 

The following examples illustrate more or less heavy 
cuts to which reference has been made; the larger pow- 
ers given are exceptional, while the average require- 
ments are far below these, and all are submitted as 
actual cases which have come under the writer's ob- 
servation. 

(a)—-100 inch driving wheel lathe—(material steel 
D. W. Tires.) 
5/ig in. feed 5/;g in. cut at 18.5 F.P.M.—two tools 


677 
x % in. 30. ft. 3 x 45 (two tools 
cutting) 15 HP. 
Same machine boring D. W. tire 
1% in. » io in. x 2S ft 12 2x 1 (two tools 
eutting) 15 HP. 
(g)-—-84 inch boring mill (on 62 in. cast-iron wheel 
centers) 
1% in. 1/,o in. x 30 ft 12 3 x 0.35 (three 
tools cutting) BP. 

Same mill boring 44 in. steel tire. 

ir in. 26 ft. lz x 2 x 1 (two tools 
cutting) 14.5 HP. 

(h-—A special test on an extra heavy D. W. lathe, 
giving results representing unusual conditions, under 
which the operator was given a heavy bonus to develop 
the ultimate capacity of the machine, i 

Average feed 0.4625 in. x depth 0.0423 at 12.2 F.P.M. 


(two tools cutting). 


Machine No. Cor Size of Sto 
Fig. 7. Requirements for Forging and Bolt Heading 
Machines. 


These figures are the averages of 37 tests and rep- 
resent 40 HP. The maximum HP. developed was about 
65. The machine equipped with a 40-HP. D. C. motor 
with 2.1 speed variation. The lathe in question is a 
“special,’’ extra heavy and about double the capacity 
and cost of the standard D. W lathe of equivalent size. 
On average work the same investment in two lathes will 
turn out more work in a year than this special machine. 


7 


24 6 8 10 le 14 1 


Manufacturers Number 


Fig. 8. Requirements for Pipe Threading and Cut- 
ting Machinery. 
Bignal & Keeler and similar types. 
For rapid estimates, where the foregoing data is not 
available, the HP. required can be obtained by the 
following formula: 


(a) d in. x f x (R.P.M.) 
By L. R. POMBROY,; Assoc. M. Am. Soc. M. E. cutting. (single belt)— 
Generally speaking, for railroad repair shops, the in. x */e in. x 18.5 ft. = 40: HP. 12 400 
generator capacity approximately equals 15 KW. per Same lathe */,5 in. feed—'4 in. cut—at 16 F.P.M. where d Diameter of smaller pulley in inches; f = 
locomotive pit, or space in erecting shop occupied by one _ Two tools {CTESRED Ss Face of pulley in inches; R. P. M. = Revolutions per 
locomotive. This comprehends requirements for tools, “ie in. x 14 im. x 16 ft. x 12 x 2x C. = 16 HP. minute. 
cranes, heating, blower and exhaust fans, i. e., provides (b)—Old 76 inch D. W. lathe—(material D. W. (b.) din: x f x C2.P.M.) 
for all power required except lighting. The tools alone tires) HP. = ————_—_—__—_— (double belt). 
require about 9 to 10 KW. per pit; heating, blower and i/g in, x % tn..x.16 ft. x 12x 2x O.. = 5. BP. 12 x 400 x 0.7 
/ 
4 of | 10 30 
6 20 40 0 2 3 0 20 Xx 
y | | | ENg.News, Fig. 2. Fig. 3. Fig.4 40 X 90 100 10 120 130 d 
Oo 0 20 30 40 508 7 8& 9 0 or Capacit nches Diam. Nidth, Feet between Housings 
Swing in Inches. 
Fig. 1. Requirements for Lathe Figs. 2, 3 and 4. Requirements’ Fig. 5. Requirements for Boring Fig. 6. Requirements for Planers. 
Motors. for Drill Press, Shaper and Slotter. Mills. (2 Tools, 15 to 20 ft. per Min.; Ratlo of 
(1 Tool Cutting Double Head Axle (1 Tool Cutting 20 ft. per min.) Cut to Return in 3.) 


Lathe, 10 HP.; Driving Wheel Axle 
Lathe, 20-25 HP.) 

exhaust fans 5 KW. per pit, while 3 KW. per pit will 
care for the ordinary shop and adjacent yard lighting. 
If power is required for lighting terminal yards, build- 
ings, ete., in addition to shop requirements, an increase 
in generator capacity must be made to cover such con- 
tingencies. The curves, Figs. 1 to 13, are submitted to 
- *Abstract from paper read before the Central Railway 
Club May 8, 1908, at Buffalo, N. Y. 


yAssistant to the President of the Safety Car Heating 
& Lighting Co., 2 Rector St., New York City. 


(c)—Stcel tired wheel lathe (engine* truck wheels) 


in. x in. x 16 ft. x 12x 2x 17 HP. 
(d)—Planer (material cast iron) 
5/90 in. X 3g in. x 16 ft. x 12 x 0.35 (one tool 
cutting) = 4.5 HP. 
(two tools cutting) 9 He. 
(e)—Planer (wrought iron engine frame) 
5/eg in. X % in. x 16 ft. x 12 x 2 .» (two tools 
cutting) = 15 HP. 
(f)—76 inch boring mill (on cast steel D. W. cen- 
ters) 


This formula is very conservative and provides for 
about as much overload capacity for belts as is ordin- 
arily assumed for motor This formula considers a lib- 
eral allowance for the influence of centrifugal force 
and diminishing are of contact of pulley figured, driven 
from a larger one. 

This formula is especially useful in figuring power re- 
quired for wood working machines and was arrived at 
largely from experience with such machines. 

Another formula, adapted from Ruleaux, giving some- 
what higher values, is preferred by some, as it con- 
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siders the thickness of the belt. In this case the allow 
ance for centrifugal force and are of contact, less 
180 degrees, is taken care 
for the constant ‘‘C.”’ 

HP. = ¢ in. x ew in 


than 
of by the selection of values 


{F.P.M.) x C, or if the R.P.M. 


and not the F.P.M. is known: 
tin. x w in d in, (R.P.M.) x 0 
HP 
4 
when f¢ Thickness of belt in inches; w = Width inches; 
d = Diameter of pulley inches; ¢ A constant of ‘fol- 


lowing values: 
{Leather belt 

4 Cotton 

Rubber 


0.0062 to 0.0098 
0.0086 to 0.0068 
0.0050 to 0.0082 


Another machine built 
axle shops and in 


for same work used largely in 


many railroad shops is capable of 


taking two cuts of % in. x 1/y. in. at 24 F.P.M. requir- 
ing 18 HP. and is usually furnished with a 20-HP. 
motor. 

While this power is all right for full capacity of 


machine, 10 HP. will cover the requirements of same 
tool on average railroad shop work. 
Number of pits required 
(Total No. eng.) (Avg. days in shop) 
300 (No. working days in year) 
Example: 


400 engines, avg. days in shop 25. 


400 x 25 


The tool builders do not always discriminate between Number of Pits - 33 
the requirements of manufacturing plants and railroad 300 
Punches & Shears 
; 5S 5 S S & ~ uw & 4 
0 Bre glu | 
Fig. 9. Bolt and Nut Machinery, Fig. 10. Grinders, Millers, Punches and Shears. 
Helve Hammers, Etc. 
~ 
= 
5 
> 
> = ~ 
= = 
= y= S = = 
= S 3 TING 
AS ss = SRLS =~ 5 
> = Ors: 
By ¢ | 
till 
Fig. 11. Saws. Fig. 12. Wood Working Tools. 
FIGS. 9, 10, 11 AND 12. DIAGRAMS SHOWING HORSE-POWER REQUIRED BY RY. SHOP 


MACHINE TOOLS. 


repair shops and for this reason motors are often recom- 
mended that are larger than necessary. For example—the 
finished product of the axle 
cerns as the United States 
and Cambria companies becomes the raw material for 
railroad shops. In the former case, the forging is turned 
out from the hammer without much regard to finished 
dimensions, as it is much cheaper to rough out to size 
rapid reduction lathes than to attempt to 
reduce to size under the hammer. 

For such machining high power is required, but for 
same lathes for railroad shops, when the work performed 


departments of such con- 


Steel, Midvale, Bethlehem 


on special 


0 2 50 70 8 0 100! 
orae 


Number of Forges at 140 cu. ft. of Air per 
Fig. 13. Requirements for Fans. 
Press. in oz. x 9 


Cu. ft. x 


33,000 x 45% Biff. 


is finishing on journals and wheel seats, mainly finishing 
cuts, a smaller and cheaper motor can be selected. 

As an example of extreme requirements, as 
tioned; the Bement-Niles lathe furnished the Howard 
Axle Works is The capacity of this machine 
is two cuts each % in. x \& In. at 60 ft. per minute and 
at this rate of cutting will require a 60-HP. motor. 


men- 


given 


No. pits = 300 
Capacity per year = 
Avg. days in shop 
In order to reduce the 
shop to 


mated 


average number of days in 
about 20 for general overhauling it is 
that the machine shop adjacent to the 
shop should contain seven machine tools 
and floor area to 
should be 
required for air 


esti- 
erecting 
per engine pit, 
tools per engine 
1,500 sq. ft. per pit. Power 
compressors equals the delivery in cubic 
feet of free air per minute at 100 Ibs. 
multiplied by 0.14. 
machine shops including heating 
$2.50 to 83.50 per square foot inside measurement. 
KW. hour to cover fixed charges = 
Total fixed charges per year 


accommodate 
about 


seven 


capacity 


pressure of the 
Modern 
cranes, 


compressor erecting and 


etc., cost from 
Rate per 


(Max. demand) 8,760 (load factor) 
Illustration : 


500 KW. 


Fixed charges 
Load 


- $8,330. Max. demand = 
factor 33%. 
$8,330 


Then. rate 0.0057. 
8,760 
NOTES FROM ENGINEERING SCHOOLS. 
McGILL UNIVERSITY.—Prof. Frank  D. 


Adams has been appointed to the chair of 


geology. 

PURDUE UNIVERSITY.—At the thirty-fourth 
annual commencement of Purdue University, the 
honorary degree of Doctor of Engineering was 
conferred upon Mr. Angus Sinclair, M. Am. Soc. 
M. E. Dr. Sinclair is the editor of the “Railway 
and Locomotive Engineering’’ journal, published 
in New York City, and is the author of several 
books on locomotive design and operation. 


AN ACCIDENT IN 
three 


TESTING A 
men at a hydraulic 
Léntsch River, Switzerland, on 
the “Schweizerische 
penstock had yet 
50 to SS ins. 


up to 


PENSTOCK killed 
power plant the 
May 22. According t 
Jauzeitung’’ of May 30, not all of th 
been placed, but the section in place 
in diameter, was being tested by pumpin: 
nearly 50O Ibs. per sq. in., the greatest stati: 
head on this section after completion being 210 Ibs 
The lower end of each section tested was closed off by 
a %-in. blank head bolted to the penstock flange by 41) 
1%-in. bolts. While the pressure was being pumped u; 
the head burst off, and the released water caught severa 
standing below, them the supervising 
engineer of the power equipment, Weinmann; the latter 
and two others were killed. It seems that most of th: 
bolts of the blank head were torn off, but several at th 
lower edge held and the head remained attached to the 
pipe by these bolts. 


new 


persons among 


\ IN THE COLLAPSE, DURING 
the floor system of an apartment house in Washington, 
D. C., two men were killed on June 9 and several others 
injured. The floors were reinforced-concrete slabs span- 
ning between steel beams which in turn rested on bear- 
ing brick walls. The exact cause of the collapse, which 
started on the highest floor completed, the fourth, is un- 
certain, but many features regarding the design and 
construction of the building are out of the ordinary 
and an official investigation about to be started should 
throw light on the question. The building was 
originally designed as five stories high, but subsequently 
was increased to six, with the consent of the building 
department of the city. It was provided that the addi- 
tional weight of the sixth story should be cared for by 


CONSTRUCTION, of 


some 


interior steel wall columns under the ends of all floor 
beams and not by any thickening of the brick walls. 
These strengthening columns had not been put in at 


the time of the accident, but this neglect could hardly 
have resulted in collapse because a large part of the dead 
load and all of the live load was not upon the building 
at that time; the walls themselves should have been 
amply strong. The two tenable theories of the failure 
are that the concrete floors were of poor construction and 
weakly supported, or that the floor system followed 
so closely upon the brick walls that the latter, with its 
unset mortar, could not resist the impact of the tamping 
on the concrete floors. 

There was held the usual bootless coroner's inquest, at 
which the jury, possibly influenced by a demand for 
action from President Roosevelt, brought in a wholesale 
accusation against the city’s inspector of buildings for 
approving the plans; the foreman of ironwork, for im- 
proper construction; the brick contractor, for hasty con- 
struction and use of poor material; and the owner of the 
building, on general principles. Why the concrete con- 
tractor was neglected is not known, for the testimony 
as reported was equally as unfavorable to him as to the 
other contractors. The case has now gone to the grand 
jury and after their decision it is understood that the 
District Commissioners will institute an investigation of 
the building department of the city with a view toward 
revising the building laws of the city. 


GOVERNMENT TESTS OF RAILWAY SAFETY AP- 
pliances are provided for in the Sundry Civil Appropri- 
ation bill just enacted by Congress. The section reads as 
follows: 

Iiereafter the Interstate Commerce 
be, and is. hereby authorized, at its discretion, to inves- 
tigate, test experimentally, and report on the use and 
need of any appliances or systems intended to promote 
the safety of railway operation which may be furnished 
in completed shape to such Commission for such in- 
vestigation and test entirely free of cost to the Govern- 
ment. For this purpose the Commission is authorized to 
employ persons familiar with the subject to be investi- 
gated and tested, and may also make use of its regular 
employees for such purpos¢s, 

THE CONSTRUCTION OF FOOTBRIDGES FOR THE 
Manhattan suspension bridge across the East River 
at New York City was begun on June 15 by the opera- 
tion of swinging a 1%-in. wire cable between the Man- 
hattan and Brooklyn towers. Sixteen of these small 
cables are to be placed, four in a group, thus giving four 
composite cables to carry two footbridges. From each 
footbridge the “‘spinning’’ of two of the four main cables 
will be handled. 

The 1%-in. cables are put in position by the following 


Commission shall 


procedure: The cable, mounted on a reel placed on a 
scow, is brought alongside one of the towers, say the 
Manhattan tower. Its end is unreeled and carried up 


to the top of the tower, over a specially provided roller 
saddle, there mounted, and thence to the anchorage, 
where it is made fast. Then the scow is towed across 
the river, laying the cable along the bottom, to the op- 
posite tower. Four of the 1%-in. cables were brought 
to this stage of their erection on Friday, June 12. The 
remainder of each cable was then unreeled and coiled on 
the deck of the scow. On Monday, June 15, the free end 
of one of the cables was hauled up by a line to the top 
of the Brooklyn tower, over a roller saddle, and thence 
drawn down to the Brooklyn anchorage, its middle 


rising up out of the water during this operation an¢é 
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oming up to the desired position. River traffic was 
elayed about half an hour during this work, and as the 

ver traffic is heavy only one such interruption per day 

thought advisable. The second cable was raised up 
ut of the water in the same manner on the following 
lay, and the third and fourth are to be raised on June 
i7 and 18. On Friday, June 19, the same order of 
perations will be begun with the second set of four 
ibles, and so on, allowing a total period of four wecks 
or getting the 16 cables in place. When the cables are 
made fast at the Brooklyn anchorage they are socketed 
ind drawn up to the precise deflection desired, as deter- 
mined by levels. 

The contractors for the erection of the main cables, 
of which the construction of the footbridges forms part, 
re the Glyndon Contracting Co., of New York, a cor- 
oration affiliated with the Carbon Steel Co., the sub- 
ontractor for the material and erection of the cables 
under the general contractors, the Ryan-Parker Con- 
struction Co. The Carbon Steel Co. has sublet the man- 
ufacture of the wire for cables and suspenders to the 
John A. Roebling’s Sons Co., of Trenton, N. J., and the 
contract for the erection of the cables to the Glyndon 
company. 

Mr. Holton Robinson, formerly of the Department of 
Bridges, of New York City, is Chief Engineer of the 
latter concern, and Mr. L. J. Gross is Superintendent of 
Erection. 


A BRIDGE POOLING PROSECUTION in the State of 
Obto ended on June 12 with pleas of guilty by eight 
bridge construction companies to the charge of con- 
spiracy in restraint of trade. Each company was fined 
$250, an agent was fined $50, and the indictments against 
iudividual directors and officers of the companies were 
siscontinued. The legal contest thus ended has lasted 
about three years. The prosecution was directed against 
a highway bridge ‘‘pool’’ of the kind that has long 
prevailed in the business of building county and town 
road bridges. The ‘‘pool’’ contemplated the attendance 
of agents ‘of some or all of the several companies at each 
letting, a caucus of these agents before the letting at 
which the job would be awarded to one of the members 
in accordance with systematic allotment of work, and 
adjustment of the several bids to suit. The bids thus 
being based on a secret understanding, they were made 
high enough to yield a normal profit to the company to 
whom the work was allotted and in addition yield a 
fixed amount to each of the other companies in attend- 
ance. 


THE EIGHT-TRACK RAILWAY DRAWBRIDGE over 
the Chicago Drainage Canal is to be replaced by a new 
structure. The present bridge is a double-leaf structure 
of the Scherzer type (Enginecring News, May 24, 1900). 
Like all the other bridges over the canal, it was built as 
a fixed bridge to save expense, the intention being to 
apply the operating machinery when the canal was re- 
quired for navigation. This work has been postponed 
from time to time, but the Sanitary District has now de- 
cided to equip the bridges with their machinery. This 
includes about 14 swing bridges and the eight-track bas- 
cule bridge. When the plans for equipping this last 
bridge were studied, it was found that the work would 
involve such extensive alterations that it would be 
cheaper to build a new eight-track single-leaf bascule, 
including its operating machinery. Mr. G. M. Wisner, 
M. Am. Soc. C. E., Chief Engineer, informs us that the 
saving due to building a new single-leaf bridge instead 
of fitting up the present double-leaf bridge will be prob- 
ably about $25.000. It is estimated that all the bridges 
can be equippcd with operating machinery in a little less 
than twe years. 


A NEW BRIDGE OVER THE NILE is to be built 
at Cairo (Egypt) to give the central part of the city 
more direct communication with the district across 
the river. It is of interest in that the draw-span will 
be of American design, the Scherzer rolling-lift type of 
bascule bridge having been adopted by the engineers. 

The design of the bridge was one of the last pieces 
of work undertaken by the late Sir Benjamin Baker 
as consulting engineer to the Egyptian government. 
It will be about 700 ft. long, with four fixed spans of 
170 ft. and a double-leaf bascule span. Letween the 
trusses will be 47.8 ft. c. to ¢., carrying a 30-ft. road- 
way, with a double-track street railway of meter gage. 
Outside of the trusses will be two 10-ft. sidewalks. 
All the spans will have parallel-chord rectangular 
through trusses of the Warren type, with no verticals 
except the end posts. They are 26.73 ft. deep, with 
eight panels of 20.5 ft. At each panel point is a 5-ft. 
plate-girder floor beam and a latticed top strut or 
wind brace. Between the floor beams are plate-girder 
stringers carrying transverse I-beams. These support 
the buckle-plate floor, which is covered with a bed 
of concrete. 

The bridge crosses the river at an angle of 64°, 
and the channel opening is $88.56 ft. clear width between 
the piers. The curved heels of the trusses of the 
draw span will roll on heavy plate-girders in the 
flanking spans of 62.4 ft. The counterweights are of 


concrete. This span will be operated by electricity, 
and the machinery is designed to open or close the 
bridge in less than 80 seconds. This rapid operation 
is in order to facilitate the heavy traffic upon the bridge 
and in the river. 

The abutments and piers will be founded on pneu- 
matic caissons, sunk to almost 93.5 ft. below low water. 
The contract for the bridge has been awarded to the 
Fives Co., of Lille, France, with the Scherzer Rolling- 
Lift Bridge Co., of Chicago, Ill., as engineers for the 
draw span. 

A FLAT STEEL ARCH OF LONG SPAN is employed 
in a new highway bridge over the Neckar River at 
Mannheim, Germany. The main part of the bridge 
cousists of three arches, the middle of which is a two- 
hinged steel rib arch of S74 ft. span between abut- 
ments or 371 ft. b-tween centers of hinges, with rise 
of 22.8 ft. c. to c., while the arch on either side is a 
three-hinged concrete barrel arch of 195 ft. clear span 
or 192 ft. span c. to c. and 18.1 ft. rise c. to c. The 
steel arch has a parabolic shape of rib. Its ratio of 
span to rise is 16.3. It comprises four ribs, each of 
which is of box-girder section, with lower side open. 
Steel columns transfer the roadway load to the arches. 
The conercte arches, whose ratio of span to rise is 10.6, 


-have cut-stone spandrel walls, while in the interior the 


roadway is carried by square reinforced-concrete col- 
umns footing on the arch ring. The concrete arches 
have the peculiarity that the landward spring-line is 
41, ft. lower than the riverward spring-line, the aline- 
ment of the arch thus approximately following the 
grade of the roadway (2.79 upward toward mid- 
stream). The deck, which is 49 ft. in the clear between 
hand-rails (33 ft. roadway, two S-ft. sidewalks), con- 
sists of I-beam longitudinals connected by a 5te-in. re- 
inforced-concrete slab. The bridge was begun late in 
1906, and opened for traffic in February, 1908. Its 
cost, roughly computed, is about $390,000, exclusive of 
real estate and approaches. (Zentralblatt der Bauver- 
waliung, May 20, 1908). 
— -—-—-——- -@-—------- 

THE NIAGARA FALLS POWER CO., on June 14, shut 
down its plant, on the American side of the river, for 
several hours following the plans mentioned in our issue 
of June 11. The abutment of the upper steel arch bridge, 
which it was feared was endangered by the wash of the 
water from the power company's tunnel, was examined 
and found practically undamaged by this water. It was 
found, however, that a concrete guard wall, which had 
been founded on the somewhat loose rock dumped in 
building the tunnel, had been considerably undermined. 
As the whole guard wall could be carried away without 
immediate danger to the abutment this will probably be 
repaired at leisure. At the time of the shut down the 
tunnel and wheel pits of the Niagara Falls Power Co. 
were examined and it is reported that the brick lining 
was found intact and not eroded. To enable government 
engineers to make observations on the Niagara River 
the gates on the canal of the Niagara Falls Hydraulic 
Power and Manufacturing Co., were closed. This stopped 
the drainage of water for power on the American side, 
and it is stated that the water level at the brink rose 
only 1-10-in. Major C. W. Kutz, Corps of Engineers, 
U. S. A., member of the committee of landscape archi- 
tects in connection with the preservation of the natural 
scenic effect at Niagara, was reported in charge of these 
observations. 


+ 


THE INTERNATIONAL WATERWAYS Commission, 
in a report to the Canadian Parliament on June 5, 
recommended that the United States Government prohibit 
the diversion of water from the Great Lakes through the 
Chicago Drainage Canal in excess of 10,000 cu. ft. per 
second, that amount being considered sufficient for the 
sanitary purposes of the city for all time and providing 
for the largest navigable waterway from Lake Michigan 
to the Mississippi River which has been considered by 
Congress. 

The amount by which the mean level will be lowered 
by the discharge of 10,000 cu. ft. through the canal is 
estimated at about 6 ins. in lakes Huron and Michigan 
and about 5 ins. in Lake Erie and 4 ins. in Lake Ontario. 

Any further diversion, the commissioners say, would 
mean the expenditure of a very large amount of money 
to restore depth in both American and Canadian harbors 
and to maintain a uniform draft of 14 ft. in the Canadian 
canal system. 

With respect to the proposal to erect a dam or dams in 
the Niagara River with a view to maintaining the level 
of Lake Erie, the commission has agreed that no works 
would be authorized which would lower the levels in Lake 
Ontario or the St. Lawrence River. 

The commissioners make some important recommenda- 
tions with regard to the question of power development 
at Niagara Falls and restriction of the amount of water 
to be taken on both sides of the falls by the various 
power companies. 

After briefly reviewing the history of the agitation to 
preserve the scenic effects of the falls, and noting that 
so far only two companies in New York State and three 
on the Canadian side of the river have actually con- 


structed works, the commissioners refer to the other 
proposed power development schemes on each side of the 
river for which charters had been granted, under which 
water in unlimited quantities could have been taken at 
points above the falls. 

All these proposed developments, the commissioners 
say, would affect more or less seriously the level of Lake 
Erie and all are objectionable. The commission reached 
the following conclusions: 

(1) That it would be a sacrilege to destroy the 
effect of the Ni Falls. 

(2) More than 86,000 cu. ft. per second on the Canadian 
ide of the Niagara River and 18,500 cu. ft. per 
on the United States side, 


scenic 


second 
including diversions for power 
purposes on the Erie Canal, cannot be diverted without 
injury to Niagara Falls as a whole. The commission, 
therefore, recommend that the diversion of water be lim- 
ited to these amounts respectively. 

The Canadian section of the commission dealing with 
the situation as it affects the three companies now es 
tablished on the Canadian side, say it would have been 
wise if development had been limited to the generation 
of electricity for distribution in Canada. In that case 
there would have been one corporation up to this time 
which would have fully supplied the Canadian market. 

fhe three Canadian companies are now permitted to 
develop a total of 400,000 HP. and according to a 
Canadian act passed last year governing the export of 
electricity they are compelled to take care of the 
Canadian market to the extent of at least one-half of 
the power generated. 

- 

THE RAILWAYS OF SOUTH AFRICA _ comprise 
three principal systems: the Cape Government Rail- 
ways, the Natal Government Railways and the Cen- 
tral South African Railways. The third is entirely in 
the interior, while the others serve different ports on 
the southeast coast, so that there is rivalry as to the 
distribution of the through traffic. In addition, there 
is the direct Portuguese line to the interior from the 
port of Lorenzo Marquez. Under these conditions 
each railway endeavors to obtain for itself a large 
share of the traffic. 

Under the present government steps have been taken 
towards a future unification of the railways in one 
system, and the three railway systems noted above 
agreed to the appointment of a commissioner to study 
the question of traffic distribution between the ports 
and the interior from a purely railway point of view, 
in order to determine the best rates as regards grades, 
cost of operation and efficiency of service. He was to 
cousider the question from two points of view: 1, under 
present conditions, where each through route is owned 
and operated by two or more colonial administrations 
or governments; 2, under the assumption that the rail- 
ways of British South Africa were owned and oper- 
ated by one administration, so that no considerations 
would arise as to the distribution of revenue between 
the existing separate administrations. 

Mr. J. Conacher was appointed commissioner, and 
his report has recently been issued. Test trains, with 
2468 gross tons of freight, were operated on the several 
routes, the gross weight of the trains ranging from 
22 tons to 453 tons, owing to differences in the equip- 
ment and the style of engine required. The conditions 
of traffic, operation and revenue were all investigated, 
as well as the relative merits and commercial advan- 
tages of the several ports. Mr. Conacher arrives at 
the conclusion that only by unification of the railways 
and harbors under one administration can the future 
distribution of sea-borne traffic be arranged satis- 
factorily. 


FILTRATION OF TORONTO'S WATER SUPPLY at an 
estimated cost of $750,000 has been recommended by a 
commission. The estimate is for a supply of 40,000,000 
gallons daily. 


FILTRATION VINDICATED.—According to statistics 
which have been compiled at City Hall there has been 
a decrease of 75% in the prevalence of typhoid fever 
since the filtration plant was put into operation. As the 
plant has not been operating to much more than one-half 
of its capacity, it is plain that when it is completed 
Pittsburg may confidently expect to lose its pre-eminence 
as typhoid headquarters and practically wipe out a 
plague which in the last ten or fifteen years has cost 
it the lives of thousands of its citizens.—Pittsburg Press, 
May 2U. 


THE NEW FILTER PLANT FOR NEW ORLEANS is 
expected to be completed and in operation by the close 
of the present year. As described in the 16th semi-an- 
nual report of the Sewerage and Water Board just issued, 
the water taken from the Mississippi is first passed 
through grit reservoirs where it remains an hour for the 
heavier sediment to settle. It then passes to four 
coagulating reservoirs with a combined capacity of 
30,000,000 gallons, where it is treated with lime and 
sulphate of iron. A further large amount of the solid 
contents is here removed by settling and the clarified 
water passes to the filters. There are ten filters, each 
with 1,431 sq. ft. of sand area and a maximum capacity 
of 6,000,000 gallons per day. The filtered water is 
pumped directly into the distribution mains, but at 
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ho n the consumption is low, the water is ac- 
cun two clear water reservoirs holding 15,000,- 
lo 
AUTOMOBILE STREET SWEEPERS were introduced 
in Paris about two years ago and have been in use dur- 
ng tl time n compet ) vith ordinary horse- 
drawn vehicle with very satisfactory results. The ma- 
ch r isoline-driy two-cylinder, 15-HP. auto- 
mobile with a body 14.5 ft. long and 7.2 ft. wide. The 
brush is hung about midway between the forward and 
back axle it an angle of 52° with the longitudinal axis 
of the machine. Th brush is 7 ft. long, sweeping a 
patl n) widt Attached to the chassis of 
large cylindrical tank holding about 
f water, so that the sweeper may be used 
a a s'reet prinkler either simultaneously with the 
sweeping operation or by itself Extensive tests as to 
the relative efficiency and cost of the horse-drawn and 
automobile weepel have been ecarricd on during the 
time that the latter have been in us It was found that 
the automobile v much more thorough in its work 
han the ho 1 rink pr pally because of 
the wider area covered by the automobile machine on 
account of th greater force gained in pumping the 
tream The following compar e tests were reported 
by M. E. Bret, in “Le Génie Civil,” April 18 and 25, 
1908: On the automobile machine, when used for sweep 
ing, the speed at times reached as high as 1) miles an 
hour, but the average was reduced to about 5.4 miles 
per hour by stopping and slowing down on account of 
the congestion raffic in the streets, and also from 
the time taken out for lunch in the middle of the day. 
The width of the single strip swept was about 6 ft., the 
surface covered each day reachi approximately 120,- 


G00 sq. yds.; this area being reached by deducting one- 


sixth of the total area covered by the machine, on ac 
count of the overlapping of the adjacent strips. Under 
the same conditions, the horse-drawn sweeper was able 
to sweep daily a length of 13 miles over a strip 95.0 ft 
wide, making a total surface of abcut 42,000 sq. yds. 


It will thus be seen that the automobile machine daily 
did about as much work as three horse-drawn machines. 
In sprinkling, the advantage of the new device was not 
so pronounced. The mean specd of the automobile on 
this work was about 414 miles per hour, this reduced 


speed being due to the time taken up in refilling the 
tank, which took about 12 minutes each time, and in 
a day was performed about 22 times, using 15,000 gals. 
of water. With the horse machine the maximum water 
used was 23 tanks full, each carrying 520 gals., or a total 
of about 7,300 gals. The average, however, with the 
horse machine, was about 4,470 gals., or about one- 
third that of the automobile. The automobile used 
about 7.9 gals. of gasoline for a day’s trip of 34 miles. 

The following two tables give the relative costs of the 
two machines for the same amount of work: 


AUTOMOBILE. 


Sweep- Sprink- Aver. 
ing ling. age. 
Daily expense $4.81 $3.93 
Depreciation 3.30 
$8.11 $6.13 $7.12 


SWEEPING AND SPRINKLING WITH HORSE MA- 
CHINES. (Three Machines.) 


Labor and Team...... $7.30 
Depreciation -40 

$7.76 


The final advantage seems to lie with the automobile 
machine, notably in the sprinkling costs, for in that the 
actual work on the machine is less than in sweeping, on 
account of the suspension in the use of the gasoline and 
the wear on the tires during extended refilling of the 
tank. In these costs given above, each element enters 
in the following proportion: Salary of the mechanician, 
lubrication, 4%; 
depreciation in the automobile (not including tires), 
18%; depreciation and renewing of tires, 21%. The de- 
velopment of the automobile within the last two or 
three years undoubtedly will greatly reduce these fig- 
ures for the machine-driven sweeper and sprinkler, but 
even as they now stand the municipality of Paris is sat- 
isfied that the using of automobiles is an economical 
practice in the sweeping and sprinkling of the streets. 

Considerable attention was paid to the brushes used 
on the automobile machines. Attempts were made to 
substitute steel wires for the ordinary rattan bristles, 
but difficulty was found in getting a steel wire of 
sufficient elasticity to serve the purpose. Most of the 
steel wire tested acquired a permanent bend after a few 
weeks’ use. In addition it soon rusted and wore out 
under the combined effect of the weather and the fric- 
tion. 


30%; gasoline, taxes deducted, 2% 


THE PRICE OF ELECTRIC CURRENT IN BOSTON 
for lighting will hereafter be 12 cts. per KW.-hr., with 
a minimum meter charge of $1 per month. This is the 
result of a recommendation by the Massachusetts Gas 
and Electric Light Commission, and is in effect a reduc- 
tion from the differential rates resulting from a very 
complicated system of charging. The contention of the 


Commission has been that the Boston Edison Company’s 
differential rates were unlawful to a certain extent be- 
cause discriminating and not proven to have been based 
on cost. While the company does not admit the con- 
tention about the differential rates, it has agreed to the 
reduction recommended and the new rates will become 
operative July 1. 


e 

A NEW TYPE OF CABLE for electric-power transmis- 

on has been developed in England and is described in 

our British contemporaries, ‘‘The Blectrician’’ and ‘Elec- 


trical Engineering’ of May 29 and 2S, respectively. These 
ibles have as insulation usually paper wrappings im- 


pregnated with a new substance called ‘‘liconite,’’ which 


a black, plastic substance of a bituminous nature. It 
is claimed that th material is cheap, is not affected by 
dilute acids, alkalies, oils, moisture, is not subject to 
electrolysis, is non-hygroscopic, withstands large tem- 
perature changes, is tough and plastic, does not flow 
or crack and has a high dielectric strength. With this 
composition lead sheaths usually may be left off. A 


length of cable compo-ed of 0.25-sq. in. stranded copper 
core, covered with 56 layers of “‘liconite’’ impregnated 
paper (total thickness, “{-in.), with two layers of 
‘‘liconite’ tape and with a single layer of Hessian tape, 
was soaked in water for 12 days and stood 30,000 volts, 
between core and water, for five minutes. A two-yard 
length, cut from this cable, was bent around an 18-in. 
drum three times in each direction and broke down at 
70,000 volts. Other sizes and constructions gave similar 
results. 

AN BXAMPLE OF POWER CENTRALIZATION in 
accord with modern engineering practice is afforded 
by the reconstruction of the surface plant of the Copper 
Queen Consolidated Co. at Bisbee, Arizona, as described 
in the “‘Mining and Scientific Press’’ of San Francisco, 
Cal. In connection with a complete change of the ore 
handling sy 


tem, electrical equipment of the whole 
plant, underground as well as on the surface, with one 
central power development station, is in course of in- 
stallation and now almost completed. The property 
consists of five shafts hitherto incompletely connected, 
and each possessing its individual steam plant and sys- 
tem of slow and expensive hand and mule power ore 
transportation system. Following the reconstruction 
plan, one shaft, the ‘‘Sacramento,’”’ has been sunk to 
a depth of 1,200 ft. and is being connected with all 
workings, by main haulage drifts aggregating 544 miles 
in length, through which electric motors will run at 
the rate of six miles per hour, carrying ten tons per trip. 
The ore on reaching the shaft will pass through 50-ton 
bins into large skips and, on reaching the surface will 
be taken by belt conveyors directly to the railway cars. 
At the Sacramento Shaft four 400-HP. water-tube 
boilers, using fuel oil, two cross compound air-com- 
pressors each rated at 3,500 cu. ft. free air displace- 
ment per minute, three 500-KW. vertical steam turbines 
generating an alternating current of 2,200 volts, and 
a double, compound, tandem, condensing, hoisting en- 
gine form the main units of the power station. The main 
hoist, a first-motion ‘‘Nordberg,’’ with 7-ft. diam. and 
D-ft. face cylindrical drums, and the air compressors 
whose power is designed to answer all requirements of 
rockdrills and of secondary hoists, will be operateé 
directly by steam; the electric current will be in part 
immediately converted to 250-volt direct current for 
use of the underground haulage system, the rest dis- 
tributed at high voltage and transformed as locally re- 
quired by machine shop, sawmills, small underground 
hoists, blowers, lighting system, and all other smaller 
machinery. 


PERSONALS. 

Mr. W. J. A. London has accepted the position of 
Chief Engineer of the Terry Steam Turbine Co., of Hart- 
ford, Conn., succeeding Mr. C. E. Terry, deceased. Mr. 
London was at one time connected with the C. A. Parsons 
Co., of Newcastle, Eng. 

Mr. Henry L. Gray, recently engineer of the Railroad 
Commission of the State of Washington, has opened an 
office as a consulting civil and mining engineer at 515 
Chamber of Commerce Building, Tacoma, Wash. 


Obituary. 

Charles P. Corlett, President of the Corlett Engi- 
neering Co., who had just completed plans for the 
$2,000,000 Andrews Industrial Home at Willoughby, 
Ohio, killed his wife and himself, June 9, at Willoughby. 

J. G. Wagner, founder of the Milwaukee Bridge & 
Iron Works which, in 1900 became part of the American 
Bridge Co., died in Milwaukee, Wis., June 1, at the age 
of 74. He was born in Germany and came to America 
in 1855. 

E. L. Berthoud, designer of the Georgetown Loop on 
the Colorado & Southern Ry., locating engineer on the 
original Union Pacific Ry. surveys, and one of the first 
engineers on the Panama Ry., died June 13 at his home 
in Golden, Colo., at the age of 83. 

William J. Murphy, Vice-President of the Cincinnati, 
New Orleans & Texas Pacific Ry., and of the Alabama, 


Great Southern R. R., was stricken with paralysis at 
his home in Cincinnati, Ohio., on April 30, and died 
on Sunday morning, May 10. In 1887 he was General 
Superintendent of the Erie R. R. 

Nathaniel Henry Crafts, City Engineer of Boston from 
1864 to 1872, died June 14 after a protracted illness at 
his home in Stoughton, Mass. He first entered the 
office of William S. Whitwell, Chief Engineer of the 
Eastern Division of the Boston Water-Works, in 1849. 
After his resignation from the city’s service he acted as 
consulting engineer. 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


MASTER CAR BUILDERS’ ASSOCIATION. 

June 17-19 Annual convention at Atlantic City, N. J. 
Seey., Jos. W. Tayler, S90 Old Colony Bidg., 
Chicago. 

AMERICAN RAILWAY MASTER MECHANICS’ AS- 
SOCIATION. 

June 22-24. Annual convention at Atlantic City, 
N. J. Secy., Jos. W. Tayler, 390 Old Colony Bldg., 
Chicago. 

AMERICAN SOCIETY OF CIVIL ENGINEERS. 
June 26. Annual convention at Denver, Colo. 
Cc. W. Hunt, 220 West 57th St, New York 


City. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


June 23-26. Annual convention at Detroit, Mich. 
Secy., C. W. Rice, 20 West 30th St., New York 


SOCIETY FOR THE PROMOTION OF ENGINEERING 
EDUCATION. 


June 26. Annual meeting at Detroit, Mich. (In 
connection with convention of American Society of 
Mechanical Engineers.) Secy., A. L. Williston, 
Pratt Institute, Brooklyn, N. Y. 

AMERICAN SOCIETY FOR TESTING MATERIALS. 

June 23-27. Annual meeting at Atlantic City, N. J. 
Secy., Edgar Marburg, University of Pennsylvania, 
Philadelphia. 

AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS. 


June 29-July 2. Annual convention at Atlantic City, 
N.. Secy., Ralph W. Pope, 33 West 39th St., 
N. Y 


AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 
July 24-25. Summer meeting at Niagara Falls, N. Y. 
Secy., W. M. Mackay, P. O. Box 1818, New York 
City. 


NEW ENGLAND WATER-WORKS ASSOCIATION.— 
The June meeting of the association will take the form 
of a summer outing to Plymouth, Mass., on June 24. 
Among the points of interest to be visited is the 
Plymouth Water Department's factory for cement-lined 
pipe; such mains have been in use here since 1855. 

AMERICAN SOCIBTY OF MUNICIPAL IMPROVE- 
MENTS.—This society will postpone its next convention 
at Atlantic City, N. J., from Oct. 153-16, as previously 
announced, to Oct. 20-23, so as not to interfere with the 
meeting of another society which had first been fixed on 
the earlier date. Headquarters will be at the Hotel 
Dennis. Mr. A. Prescott Folwell, 512 Flatiron Building, 
New York City, is secretary. 

INTERNATIONAL ROADS CONGRESS.—In 
answer to the official invitation of the French Govern- 
ment, formally requesting the United States to partici- 
pate at the International Good Roads Congress to be 
held at Paris the week beginning Oct. 11, President 
Roosevelt has directed that this nation be strongly and 
officially represented; the following commission has been 
named: Logan Waller Page, Director of the Office of 
Public Roads, Chairman; Col. Charles S. Bromwell, U. S. 
Corps of Engineers, and Clifford Richardson. 


AMERICAN RAILWAY ASSOCIATION.—In view of the 
rapidly increasing complications of modern railway re- 
lations and practice it has been deemed advisable to 
unite the various voluntary associations of railway offi- 
cers under the control of the American Railway Associa- 
tion, and steps are being taken by the latter to accom- 
plish this end. The work of the different organizations 
will thereby be harmonized and their recommendations 
will gain greatly in weight. A subcommittee of the 
executive committee of the American Railway Associa- 
tion has also considered the advisability of reorganiz- 
ing the standing committees of that association and 
recommends their complete remodeling. The work of 
the present large number of temporary committees which 
have acquired a measure of permanence, is to be reap- 
portioned among and supplemented by seven regular 
standing committees—on Transportation, Maintenance, 
Relations between Railroads, Electrical Working, Traffic 
Relations, Accounting and Statistical Inquiry and Legal 
and Economic Relations. Each of these committees will 
be divided into bureaus, as for example: the Committee 
on Relations between Railroads may sectionize its work 
according to the following activities, (a) Car Service, 
(b) Car Efficiency, (ec) Arbitration, (d) Adjustment, (e) 
Transportation of Explosives, (f) Standard Cipher Code, 
etc. Under such a system unprecedented exigencies can 
be immediately met by the particular committee within 
whose field they come, without, as has hitherto fre- 
quently been the case, the appointment of a special com- 
mission for the adjustment of each new question. 
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